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PREFACE 

In the present volume, dealing with the Chemical Technology of 

the Textile Fibres (except as concerns the dye-stuffs, which will be 

treated in a separate work), the author has been obliged to con¬ 

dense the available matter as much as possible, in order to preserve 

the form of a text-book. 

Nevertheless, it seemed necessary, in certain cases, in the 

interests of the book, to give definite data and an exact description 

of individual processes. In such instances the details have been 

gathered exclusively either from the author’s personal experience 

or from reliable sources. 

The most important part of the book is the chapter treating of 

dyeing, whilst, on the other hand, the subject of printing had to 

be dealt with in a more general fashion, the materials being less 

suitable for treatment in text-book style. 

The author thinks it desirable to point out that in the present 

work an attempt has been made to completely separate the chemical 

and mechanical technology of the subject, a standpoint he considers 

justified by the extensive area occupied by each of these branches. 

Hence only a few sketches of apparatus have been given; and the 

methods of dressing the finished goods have been described very 

briefly, since they almost entirely belong to the domain of mechanical 

technology. 

The author is indebted to Prof. J. Zipser for the whole of the 

sketches given, and to Mr. C. Schimke, teacher of dyeing at the 

Eoyal State Trade School, Bielitz, for much assistance in the pro¬ 

duction of the book. 

GEORG VON GEORGIEVICS 
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THE CHEMICAL TECHNOLOGY OF 

TEXTILE FIBRES 

CHAPTER I 

THE TEXTILE FIBRES 

THE name textile fibres applies to such structures as, in con¬ 

sequence of their physical properties, are capable of being 

spun and worked up into textile fabrics. These fibres are supplied 

by all three natural kingdoms, and a few of them are also prepared 

artificially. 

Although nearly a thousand textile fibres are known, only 

a few of them are of real interest. These are cotton, wool, and 

silk, followed by flax, jute, ramie and hemp, in a minor degree. 

They are divided into four groups:— 

1. Artificial fibres. 

2. Mineral fibres. 

3. Vegetable fibres. 

4. Animal fibres. 

1. Artificial Fibres. 

To this series belong spun glass, metal thread, slag wool, and 

artificial silk. 

Spun Glass.—When a glass rod is heated in the flame until 

perfectly soft, it can be drawn out in the form of very fine threads, 

which are used to a small extent in the production of very hand¬ 

some silky fabrics (cravats, etc.) As spun glass can also be pro¬ 

duced from coloured glass, the same method can be applied to the 

production of coloured fabrics. In consequence, however, of the 

low elasticity of these products, their practical value is nil. 
For many chemical purposes, e.g. as filtering material for strongly 

acid liquids, a curly kind of glass wool is produced by drawing 

1 



2 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

out two glass rods of different degrees of hardness to a capillary 

double thread. On cooling, these curl up in consequence of the 

different construction of the two constituent threads. 

Metallic Threads.—From time immemorial fine golden silver 

threads, as well as silver gilt and silver threads or copper wires, 

have been used for decorating particularly rich fabrics. Thus 

the so-called Cyprian gold thread, so renowned for its beauty 

and permanence in the Middle Ages, is now produced by covering 

flax or hemp threads with a gilt skin. 

Slag Wool.—Molten slag is run into a pan fitted with a steam 

injector, which blows the slag into fibre and furnishes a product 

which is used to a small extent as a packing material. 

Artificial Silk.—This product, which is the most interesting of 

all the artificial fibres, will be described along wTith Cellulose. 

O 

2. Mineral Fibres. 

To these belong Asbestos. This is a decomposition product 

of serpentine, and is, chemically speaking, a silicate of mag¬ 

nesium and lime, containing in addition iron and alumina. It 

is found in Savoy, the Pyrenees, Corsica, Mount St. Gothard, 

etc., and large deposits have recently been discovered in northern 

Italy and Canada. 

Asbestos forms long, white, glassy fibres; some kinds, however, 

e.g. Canadian, are somewhat curly. Alone it is difficult to spin, 

and is therefore mixed with a little cotton, which is subsequently 

got rid of by heating the finished fabric to incandescence. Asbestos 

fabrics of this kind are generally used where exposure to high 

temperature is necessary, e.g. for packing steam cylinders and hot 

machine parts, also as a fire-proof material in the manufacture of 

numerous theatrical requisites, etc. Asbestos is difficult to dye; 

for this purpose the albumen dyes and substantive dyes are used. 

3. Vegetable Fibres. 

These are supplied in large numbers by the vegetable king¬ 

dom. They are divided into three classes:—(a) Seed hairs. 

These comprise cotton, the whole of the cotton tree, vegetable 

silk, etc. (b) Bast fibres, forming the cambium layer of dicotyle¬ 

donous plants, e.g. flax, hemp, jute, ramie, Sunn hemp, etc. 

(c) The vascular bundles from leaves, stems, or roots of mono- 

cotyledonous plants, e.g. New Zealand hemp, Pite or Agave fibre, 

Tillandsia, pineapple fibre, Manila hemp, true aloe fibre, etc. etc. 

Vegetable fibres contain cellulose as their fundamental substance, 
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in addition to which they are (or at least some of them) more or 

less lignified. The larger the proportion of woody matter they 

contain, the greater their brittleness. Finally, they also contain 

in their cells and interstices so-called encrusting materials (ethereal 

oils, resins, starch, colouring matter, etc.), and ash. 

Cellulose.1 

As this substance forms the main constituent of all vegetable 

fibres, a knowledge of its chemical behaviour is of great practical 

importance. The vegetable fibres, even when in a pure state, 

do not behave entirely alike towards chemical reagents. Thus, 

for example, cotton has a greater power of resistance to bleaching 

powder solution than flax. The name Cellulose must therefore be 

considered as a generic term applying to several bodies of very 

similar nature. Cellulose is a colourless, inodorous, and tasteless 

substance (sp. gr., L27 to 1*45), which is insoluble in ordinary 

solvents. It belongs to the carbohydrates, and its percentage 

composition is expressed by the formula C6H10O5, though its true 

formula is certainly a multiple of this. 

Starch is the most closely allied carbohydrate, and may also 

be regarded as the parent substance of cellulose. Little is definitely 

known with regard to its actual constitution; it is spoken of as 

a triatomic alcohol, since when heated with acetic anhydride it 

furnishes a triacetyl derivative which with potash, soda, lead, oxide, 

etc. forms loose saline compounds which behave like alcoholates. 

More recently, however, a triacetylmonobenzoate and a tetraben- 

zoate have been formed, from which the presence of four hydroxyl 

groups may be deduced. 

Pure cellulose is almost indestructible and can only be brought 

into a state of putrefaction in the presence of nitrogenous bodies. 

When heated it begins to turn brown at about 150° C.; when 

subjected to dry distillation it decomposes into water, C02, methane, 

ethane, methyl alcohol, acetic acid, pyrocatechin, etc. Furthermore, 

cellulose is a hygroscopic substance which cannot easily be brought 

to constant weight by drying. In water it is insoluble and is 

unchanged even by boiling for several hours; however, at 200° C. 

it dissolves in water, being itself completely decomposed. 

Of greater practical importance is its behaviour towards acids 

and alkalis. 

It resists very dilute mineral acids, but is decomposed and dis¬ 

solved at ordinary temperatures by concentrated acids, e.g. a mixture 

of 1 part sulphuric acid and 3 parts water. 

1 A monograph on Cellulose has been published by Cross, Bevan, and Beadle. 
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By moderately concentrated acids it is modified, the phenomenon 

being regarded as one of hydration (mC6H10O5 + nH20). The result¬ 

ing product hydrocellulose, which has the same chemical com¬ 

position as glucose, is a pulverulent amorphous substance of some 

practical importance, being the cause of the rotting of acidified 

vegetable fabrics. On the formation of this substance is also based 

a method known as carbonising wool, whereby vegetable constituents 

present in wool are converted by the action of heat and sulphuric 

acid into hydrocellulose, which latter, being friable, is then easily 

eliminated by mechanical means. Finally, the same phenomenon 

(the formation of hydrocellulose) is the basis of the peculiar altera¬ 

tion sustained by paper when treated for a short time with fairly 

concentrated sulphuric acid, namely, a kind of superficial fusion of 

the cell walls of the fibre, whereby the paper acquires the same 

external appearance as animal parchment. This paper is therefore 

known as vegetable parchment, and can be used for the same 

purposes as true parchment. 

Whereas cellulose is left unstained by iodine, this reagent turns 

vegetable parchment blue, like hydrocellulose in general. 

Organic acids, like oxalic acid, tartaric acid, citric acid, act upon 

cellulose in the same way as mineral acids, when the cellulose, e.g. 

cotton, is impregnated with the dissolved acid and exposed to a 

high temperature; acetic acid, being volatilised by heat, has no 

action. The knowledge of this behaviour of cellulose is important, 

more particularly in the calico-printing industry. 

Zinc chloride acts on cellulose like a mineral acid. The 

behaviour of cellulose towards nitric acid is important. When 

boiled with nitric acid of about 60 per cent, strength, cellulose is 

converted into oxycellulose. This oxidation product has a much 

greater affinity than cellulose for basic dye-stuffs, and is also of 

technical importance inasmuch as it is also formed by the action of 

other oxidising agents on cellulose,—for instance, when bleaching 

powder is carelessly used in bleaching cotton. 

When concentrated nitric acid is allowed to act on cellulose, 

especially in presence of concentrated sulphuric acid, nitrogenous 

bodies are formed, which may be regarded as di-, tri-, tetra-, etc. 

nitrates of hydrocellulose, according to the conditions of the reaction. 

These substances are insoluble in water and alcohol, but are soluble 

e.g. in a mixture of alcohol and ether; the dissolved nitro groups 

can be separated again by treatment in various ways (see Artificial 

Silk). 

The nitrocelluloses have been put to various interesting technical 

uses, e.g. hexanitrocellulose, which was discovered by Schonbein in 

1847, and was by him termed gun cotton. Owing to its property 
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of decomposing in an explosive manner when heated—water, nitrogen, 

carbon monoxide and carbon dioxide being formed—this substance 

has of late years been employed as an explosive and in the manu¬ 

facture of smokeless powder. In addition to cotton, nitrocellulose 

is also prepared from jute and starch, which latter is closely allied 

to cellulose. 

A material known as celluloid is prepared from the lower nitro 

products by dissolving them in molten camphor and pressing the 

mass while warm. This substance has a horny appearance, and is 

characterised by hardness, elasticity, transparency, and principally 

by the fact that when merely dipped in boiling water it acquires 

sufficient elasticity to enable it to be moulded into any shape under 

moderate pressure. In consequence of these valuable properties, 

celluloid is now largely used in the production of a large number of 

imitation articles, e.g. ivory, tortoiseshell, coral, collars, etc. 

Finally, octonitrocellulose and other nitrocelluloses can be con¬ 

verted into so-called artificial silk, also known as Chardonnet silk, 

after its inventor. On dissolving nitrocellulose in alcohol-ether, a 

solution is obtained which has long been known and used under 

the name of “ collodion.” If this be forced through capillary tubes it 

forms very fine threads, to which a handsome silky appearance can 

be imparted by various mechanical processes. In order to fit this 

product for use as a textile fibre it must be deprived of its explosive 

properties, a result obtained by denitration, the threads being treated 

with various reagents, chiefly ammonium sulphide. This deprives 

them of a large proportion of their nitrogen, and leaves them not 

more inflammable than ordinary cotton. The first patent for the 

manufacture of artificial silk was taken out in 1855, but the 

material was first made known at the Paris Exhibition of 1889. 

More recently a company (La France) has been formed in Besan^on, 

with a capital of six million francs, for working the Chardonnet 

patents. The modus operandi is as follows:—Loose wood pulp is 

disintegrated in a carding machine, so as to form a light and very 

bulky fleece like that furnished by waste cotton; this is dried by 

steam at 140° to 160° C., and the hot mass is immersed in a 

mixture of concentrated nitric and sulphuric acid, the operation 

being performed in earthenware vessels. The resulting nitro¬ 

cellulose is centrifugalised, washed until it contains only about 

10 per cent, of acid, and is then removed in small trucks, running- 

on wooden rails, to the drying room—which must be at least fifty 

yards away from the factory—and is there dried at 30° C., great 

care being taken on account of the danger of explosion. The dried 

nitrocellulose is placed in iron pans on the same trucks and conveyed 

to the dissolving vats, containing equal parts of alcohol and ether, 
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the quantity placed in the vats being regulated so as to secure a 

20 per cent, solution of nitrocellulose. The resulting collodion is 

filtered through silk sieves and wadding in closed vessels, and then 

forced by an air-pump into a spinning apparatus, consisting of two 

horizontal parallel tubes fitted with a number of nozzles. In the 

one pipe through which the collodion flows these nozzles are made 

of glass, with a fine capillary bore through which threads of collodion 

appear. Each thread is immediately encountered by a very fine 

stream of water, delivered by a corresponding nozzle of a second or 

water-pipe, and descends into a water-trough, where it sets hard. 

Erom four to twelve of these threads are then united by a so-called 

collector, whereupon they immediately coalesce, and are then 

mechanically wound upon bobbins situated about twenty inches 

above the spinning apparatus. The alcohol of the collodion 

remains in the cooling water, whilst the ether volatilises, its heavy 

vapour falling into the water-trough under the spinning apparatus, 

and having to be removed therefrom by an aspirator. The further 

treatment of the threads is similar to that employed for natural 

silk; they are twisted and wound into hanks. Finally, the hanks 

are denitrated by immersion in a warm (30° C.) solution of 

ammonium sulphide, which, in about an hour, deprives them of 

7 5 per cent, of their nitrogen; they are then rapidly immersed in 

a large volume of water, followed by water slightly acidified with 

nitric acid; finally they are wrung and dried at the ordinary 

temperature. The denitration process causes the silk to lose 

40 per cent, in weight, which, however, can be replaced by 

impregnation with ammonium phosphate, this treatment also 

reducing its inflammability. 

As may be seen from the preceding brief sketch, the manufac¬ 

ture of artificial silk is dangerous, complicated, and also expensive, 

notwithstanding the partial recovery of the alcoholic ether. 

Strenuous endeavours are, however, being made to perfect the 

process, and already most of the difficulties, which chiefly reside 

in the denitrating process, have been overcome. 

The La France Company reckons to produce 6 cwt. a day, and 

hopes to be able to increase this to 24 cwt. before long. The cost 

of production is said to be about 5s. per cwt., while the trade price 

is about 11s. 

Other processes for the manufacture of artificial silk are those 

of Yivier, Lehner, Cardaret, and Langhans. 

According to Yivier, a mixture of trinitrocellulose, fish glue, 

and gutta-percha is dissolved in glacial acetic acid; the composition 

of the solidifying liquid is kept secret. The finished product has 

a brilliant lustre, and is said to cost only about Is. 6d. per cwt. 
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Lehner dissolves purified silk waste in concentrated acetic acid, and 

mixes therewith a solution of nitrocellulose in wood spirit and 

ether; turpentine and chloroform are used as the coagulating liquid. 

Cardaret nitrates purified cellulose, bleaches it with aluminium 

hypochlorite, and dissolves it in acetone, ether, alcohol, toluol, 

glacial acetic acid, and castor oil, the resulting mass being broken 

down and worked by hot cylinders to make it plastic, and treated 

at the same time with a solution of gelatine, albumen, or other 

proteid substance in glacial acetic acid. The plastic silk-like mass 

is pressed into the spinning apparatus, and is finally treated with 

tannin to impart elasticity. The cost price is said to be about 

2s. 6d. per cwt. 

Langhans does not use nitrocellulose at all, but claims rather 

that cellulose can be so modified by repeated treatment with 

sulphuric acid of varying strength, that it can be used for the 

production of silk-like threads. 

Artificial silk is deceptively like the natural product, and 

possesses a beautiful gloss; on the other hand, it lacks the neces¬ 

sary strength and elasticity to enable it to serve as warp. The 

tensile strength of true silk is twice as great as that of Chardonnet 

silk. Artificial silk can be dyed just the same as natural silk, but 

a further bad property of the artificial silk crops up here, namely 

that it cannot stand a warm bath, this rendering it strawlike, harsh, 

and inferior in softness to true silk. 

Another important matter is the behaviour of cellulose towards 

alkalis. These, when dilute and in presence of air, act like 

mineral acids although much weaker, hydrocellulose being pro¬ 

duced. When air is excluded their action is very slight indeed, 

a circumstance that should be taken into consideration in the 

bleaching of vegetable fibres. Concentrated alkalis produce a 

.chemical change in cellulose, whereby the latter acquires a con¬ 

siderable affinity for dye-stuffs—probably this behaviour is also 

based on the production of hydrocellulose. This reaction is called 

“ mercerisation ” after its discoverer, Mercer; it will be further 

dealt with under Cotton. Latterly, Cross, Bevan, and Beadle have 

prepared, by the action of carbon disulphide vapours on mercerised 

cellulose, a mass which is said to be capable of various industrial 

applications, e.g. according to its consistence it may be used as an 

agglutinant, a loading agent, or a dressing material. It can also 

be cast in moulds, and when dry is horny, transparent, and may be 

cut and polished. 

According to a patent taken out by L. Yignon and L. Cassella, 

the affinity of cellulose for basic dye-stuffs may be increased by 

amidising it (or the fibres) by treatment with calcium chloride and 
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ammonia at 100° C. The behaviour of cellulose towards ammoniacal 

copper oxide is also worthy of note. In this solvent it readily 

dissolves in the cold to a sticky liquid, from which cellulose— 

partly in the form of hydrocellulose—can be precipitated as colour¬ 

less flakes by acids. The ammoniacal copper oxide should be pure 

(free from salts) and concentrated. It is prepared by precipitating 

a dissolved copper salt by ammonia in the cold and in presence of 

ammonium chloride, the resulting blue precipitate being thoroughly 

washed with water, and then dissolved in cold concentrated ammonia 

to form a saturated solution. 

Of the other reactions of cellulose, it should be mentioned that 

strong sulphuric acid and iodine stain it blue in consequence of 

the formation of hydrocellulose, whereas zinc iodochloride gives a 

violet stain. On the other hand, it may be distinguished from 

lignine in that, unlike the latter, which is stained yellow, it cannot 

be coloured by means of aniline sulphate. 

(1) SEED HAIKS: Cotton Tree Wool, Vegetable Silk. 

Cotton. 

Origin and Definition.—The name Cotton indicates the downy 

substance found in the seed capsules of plants of the species 

Gossypium (family Mctlvacece). It grows out of the seed, and is there¬ 

fore a seed hair, consisting of a single cell. The seed is covered 

with a very coarse, generally yellow, brown or dirty green under¬ 

wool, whereas the valuable cotton hairs are much longer and for the 

most part colourless. 

For the purpose of cultivation only about five species of Gossy¬ 

pium are important, although about twenty are known. They are 

shrub or tree-like plants, measuring 3 to 24 feet in height, and 

thriving in all warm countries, their principal habitat being North 

America and India. 

Gathering.—As soon as the cotton fruit is fully ripe, which 

occurs in August, September, and October, the capsules burst open 

and the cotton exudes. This is the most favourable moment for 

the harvest, and the capsules are plucked from the plant, the seeds 

and cotton being then taken out of the capsules. The cotton is 

separated from the seeds by means of so-called ginning machines, of 

which there are two chief systems in use—the roller gin and the 

saw gin. The former consists of rollers which seize and draw in 

the cotton fibre, whereas the seeds cannot pass through but are 

driven back. The saw gin consists of saw plates, which are 

mounted on rollers, the teeth projecting through a narrow grid 
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through which they draw the cotton fibres, leaving the seeds to 
fall to the ground on the other side. 

The seeds are used for the manufacture of cotton seed oil, 
whilst the cotton is pressed and sent to market in bales. 
// Historical.—Cotton has been known and used in Peru and 
India from the earliest times, and also seems to have been culti¬ 
vated at a very early period in Persia. Thence it probably found 
its way to Egypt, where it has been known ever since about the 
fifth century B.c. At about the same time the Greeks and Eomans, 
who previously had known only wool, began to wear cotton clothes^ 

The European cotton industry only began to come into import¬ 
ance at about the end of the eighteenth cen¬ 
tury, and may be considered to date from 
the year 1772, when the first cotton fabric 
was produced in England. At that time 
the supply of cotton was chiefly obtained 
from the Levant and Macedonia, but, later, 
America became the chief exporter; and 
since the North American War, India and 
Brazil have also successfully competed in 
the cotton trade. At the present time the 
demand for cotton is principally covered 
by North America, India, Egypt, and Brazil. 
The trade is now mainly centred in England, 
particularly in Liverpool; and the English 
cotton trade is the largest in Europe. The 
yearly consumption of cotton in the whole 
of Europe is estimated at about one million 
tons. 

Commercial Varieties.—In commerce 
two principal varieties of cotton are known, 
namely, “ long staple,” the fibres of which 
are 1 to . 2 inches long, and “ short staple ” from J to 1 inch. 
The whiter, cleaner, and more silky the cotton the higher the 
value, but that consisting of short nepped fibres is inferior. The 
best and most highly prized of all is Sea Island cotton from 
Gossypinm Barbadense, the finest grade of this being also known as 
“ long Georgia,” which at present is mainly grown in Florida. 

Structure.—The cotton fibre is a single, elongated, conical, 
epidermal cell, the upper extremity of which is closed, whilst the 
lower end, which was attached to the seed, is broken off irregularly. 
Under the microscope the fibre (see Eig. 1) appears as a granular 
striped band, mostly twisted in the shape of a corkscrew. This 
is more particularly evident when the fibre has been moistened 



10 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

with water. This highly characteristic feature may nevertheless 

be absent in places. 

The fibres are not cylindrical but flat, though this is sometimes 

not the case (in parts) in the finer kinds. There is a central cavity 

known as the lumen, which is generally small in proportion to the 

cell walls. Consequently the latter are often very thick, though in 

common grades the lumen is three or four times as broad as the 

cell wall. Occasionally the lumen is absent altogether, and the 

fibre is then known as dead cotton, being the immature and im¬ 

perfectly developed hairs; these then take the dye with far greater 

difficulty than the normal fibres. Viewed under the microscope it 

appears perfectly transparent, only the edges being visible. 

Externally the cotton fibre is surrounded by a fine skin—the 

cuticle. The substance from which this is formed 

does not behave exactly like cellulose, and is 

considered as a conversion product of the latter 

under the influence of light and air. Whereas 

cellulose is rightly soluble in ammoniacal copper 

oxide and concentrated sulphuric acid, the 

cuticle takes a long time to dissolve in this 

reagent. On treating the fibre with the first 

reagent under the microscope, the phenomenon 

so highly characteristic of cotton is observed: 

the internal substance, consisting of cotton, 

turns gummy, swelling up and bursting the 

cuticle in isolated places. The cuticle appears 

as though binding the cellulose as with a cord, 

whilst in other places it hangs in loops. 

Finally, the cellulose is completely dissolved, and 

the fragments of torn cuticle float in the solution 

(Fig. 2). 

fibres, which will be described later, are devoid of 

not exhibit this characteristic behaviour when 

Consequently this reaction 

It must, however, be 

As the bast 

cuticle, they do 

treated with ammoniacal copper oxide, 

affords a valuable means of differentiation, 

mentioned that cuticle is not invariably present on all cotton, 

especially after strong bleaching, since under these circumstances 

the cuticle is mostly destroyed. 

Chemical Composition.—Raw cotton consists of (in round 

figures) 87 to 91 per cent, cellulose; 7 to 8 per cent, water (cleaned 

cotton mostly a little over 5 per cent.); 0*4 to 0'5 per cent, wax 

and fat; 0'5 to 0'7 per cent, of protoplasmal residue and 0T2 per 

cent, ash; together with a very small quantity of colouring matter. 

The sp. gr. of air-dried cotton is 1*5. 
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Chemical behaviour.—Broadly speaking, this is the same as 

cellulose. However, in the presence of water, cotton fibre behaves 

somewhat differently from cellulose, inasmuch as it is far less 

hygroscopic, the reason being that cellulose (precipitated from 

solution in ammoniacal copper oxide) is in a more finely divided 

state. Special mention must also be made of mercerisation, i.e. the 

peculiar alteration sustained by cellulose when treated with strong 

alkalis. Thus, if cotton be treated with 28 to 30° Be. caustic soda 

for about a minute at the ordinary temperature, there ensues, in 

addition to the aforesaid chemical alteration, a modification of 

structure: the lumen contracts and the fibres become much shorter 

and thicker. The contraction amounts to about 15 per cent., the 

increase of tensile strength to 20 per cent.; and the elasticity of 

the fibre is also augmented. This modification is also produced 

by far weaker lyes than the foregoing, e.g. an 8° Be. caustic 

soda will partly bring about the same result. However, it is only 

cold lyes that act in this manner; hot lyes will not mercerise at 

all. Since the cotton hereby acquires a great increase in absorptive 

capacity for dyes, many attempts have been made to render merceri¬ 

sation technically useful, but, until lately, they failed by reason 

of the great contraction suffered by the cotton. Becently, however, 

considerable progress seems to have been made in this direction, 

and in the process patented by Thomas and Prevost the cotton 

fibres are stretched whilst they are being mercerised and dried, thus 

entirely preventing the contraction of the fibre, which, in addition, 

acquires a powerful silky appearance. 

Mercerisation is also employed in calico-printing. In the parts 

where the lye is brought into contact with the cotton, the fibre 

contracts and the fabric is therefore caused to assume a crinkled 

appearance like crepon. 

Cotton goods, especially dressed fabrics, have a tendency to 

become mouldy when damp, the mould appearing in the form of 

yellowish to dark brown spots. In the early stages of development 

they can be got rid of by energetic washing; but later on this 

is no longer possible, and at this stage the cotton fibre or fabric 

will have become more or less corroded. 

Mouldiness can be best prevented by storing the goods in dry, 

well-ventilated warehouses. 

Another kind of spotting, more or less violet in colour, is due 

to the presence of iron tannate, resulting from the action of 

ferruginous water or solutions on the residual seed capsules (con¬ 

taining tannin) present in cotton that has not been properly 

cleaned. 
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Bombax Cotton from the Cotton Tree. 

A kind of cotton similar to that of the cotton plant has, from 

time immemorial, been collected from the fruit capsules of plants of 

the Bombax family (allied to the Malvaceae) in the countries of 

production, and utilised in various ways. 

The Bombacese thrive in all tropical countries, but are little 

known in Europe. The cotton is found in commerce under various 

names, such as—vegetable down, ouate vegetale, Edredon vegetal, 

Pattes de lierre. Bombax cotton is soft, lustrous, and white to 

yellow brown in colour. Being seed hairs, the fibres are morpho¬ 

logically similar to true cotton, from which, however, they differ 

in the absence of the spiral twist, the presence of reticulated 

thickenings of the cell wall, and in the inferior thickness of the 

latter; consequently they are much weaker than true cotton and 

cannot compete with it. The fibre is chiefly used for wadding and 

as an upholstering material, though occasionally it is mixed with 

cotton and spun. Bombax cotton may be distinguished from true 

cotton by the pale yellow tinge imparted by iodine and sulphuric 

acid or aniline sulphate, which indicates a slight degree of lignifi- 

cation. 

Vegetable Silk or Asclepias Cotton. 

The seeds of a number of Apocynece and Asclepiadece (mostly 

tropical) are provided with a tuft of long fibres possessing a beauti¬ 

ful silky lustre and known as vegetable silk. On account of their 

beautiful appearance many attempts have been made to spin these 

fibres, but failed by reason of their brittle character and low 

tensile strength. 

The fibre is readily distinguished from cotton by its lignification, 

and from Bombax cotton by characteristic thickened strips, revealed 

in the cell wall under the microscope. 

(2) BAST FIBRES: Flax, Jute, Hemp, and Ramie. 

Flax. 

Definition and Origin.—Flax consists of the bast fibres from 

plants of the Linurn family. The species Linum usitatissimum 

being specially suitable for its production. 

The true home of the flax plant is unknown, but it yields, 

especially in northern countries, a good bast suitable for the 

preparation of flax. This is the reason why nearly all flax growing 

countries get their seeds from the Russian Baltic provinces. 
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Preparation.—In order to obtain a good fibre the plants must 

be gathered before they are ripe, the proper time being indicated by 

the change in the colour of the seed capsules from green to brown. 

The harvest is carried on from June to September, the whole plants 

being pulled out of the ground, dried on the field, and finally 

rippled with iron combs to separate the stalks from the leaves, 

lateral shoots, and seed capsules. The bast fibres amount to about 

70 to 75 per cent, of the stalks. These latter are now subjected 

to a process of retting, a kind of fermentation, the object of which 

is to decompose and render soluble the glutinous and intracellular 

substances, which cause the bast fibres to stick together and to the 

woody matter of the stalk. 

This operation is the most important in the entire preparation 

of flax, influencing, as it does, the final product in the highest 

degree. It is performed in various ways — water retting, dew 

retting, mixed retting, warm-water retting, steam retting, and 

chemical retting. In water retting the flax stalks, tied in bundles, 

are placed in baskets and left for ten to twenty days in running or 

stagnant water. At first a turbulent acid fermentation is set up, 

and is followed by a quiescent alkaline fermentation. The stalks 

are taken out from time to time in order to see whether they are 

sufficiently retted, which may be recognised by their feeling soft 

and by the woody parts separating easily from the fibres. When 

this is accomplished the retting must be stopped immediately, since, 

if allowed to continue, the fibres would be damaged by over-retting. 

In dew retting the flax stalks are spread out in thin layers on a 

meadow, and moistened from time to time. This takes much longer 

than water retting. In mixed retting the first part of the fermenta¬ 

tion is carried on in water, and the second completed on the grass. 

These three methods are also known as “ natural retting” and 

the water method being the cheapest is therefore the most in 

favour, notwithstanding that it does not yield a very handsome 

product, especially when performed in hard or ferruginous water. 

Over-retting is also very liable to occur, and an additional drawback 

arises from the intense putrescent smell given off, in consequence of 

which water retting must always be carried on at a distance from 

human habitations. 

Natural retting being also greatly dependent on the weather, 

attempts have been made to supersede it by artificial processes, 

chief among which is the warm-water retting method invented by 

Schenk. It is similar to ordinary water retting, but is carried on 

in tanks wherein the water is warmed up by steam to about 35° C. 

The operation takes from two to three days, and furnishes a 

product superior both in quality and quantity to that obtained by 
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natural retting; and is, moreover, the most rational method of 

procedure. Occasionally the bundles are subjected to an alternating 

treatment of steam and hot water, the process being then termed 

steam or hot-water retting. 

Attempts have been made of late to improve existing methods 

by employing acids and alkalis. Thus an addition of sulphuric 

acid to the retting water is in so far favourable that it prevents 

the repulsive smell appearing during the alkaline fermentation. 

Finally, also a method of retting has been experimentally intro¬ 

duced, the chief feature of which is a treatment with dissolved 

alkali. 

The flax stalks, having been retted by one or other of the fore¬ 

going methods, are well rinsed and dried; it is, however, highly 

advisable to first pass them through rollers, by which means the 

greater part of the mucinous matters enveloping the fibres are 

expressed, and the subsequent separation of the fibres from the 

wooden matter is greatly facilitated. To effect this separation, the 

dried stalks are subjected to the following mechanical operations:— 

1. Crushing or beating, which consists in breaking down the 

woody matter by the aid of mallets or a stamping mill. 

2. Breaking.—The stalks are passed between the fluted rollers 

of a flax breaking machine, whereby the woody matter is still 

further broken down, the greater part being at the same time 

removed. 

3. Scutching.—The object of this treatment is the complete 

removal of the woody matter, and it is effected by beating the 

vertically suspended flax with blunt wooden knives. The work 

is done either by hand or in a machine, the fibre suffering less 

damage in the former case than in the latter. 

4. Hackling.—The scutched flax stalks are drawn through a 

series of successively finer steel combs, which separate any fibres 

that still remain stuck together, and draw them out parallel. This 

work is also done by hand or machine. 

Historical.—Flax is the oldest of all textile fibres, and has 

been cultivated in China from time immemorial. Linen wraps, 

some characterised by extreme fineness, have been discovered in lake- 

dwellers’ habitations, and the wraps enveloping Egyptian mummies 

also consist of flax fibre. 

Commercial Varieties and Statistics.—Flax is put on the 

market in the form of long, soft, lustrous fibres, the colour of the 

best kinds being a pale blonde. If the flax has been covered with 

mud whilst retting, it will have a greyish colour, and is particularly 

soft. Over-retted flax is dull and brittle. 

The number of chemical varieties of flax is very large. The 
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best kinds are produced in Ireland and Belgium, though a few 

French and Dutch varieties may also be included in the first class. 

The beautiful lustrous Italian flax is also highly prized, but Bussian, 

Prussian, Silesian, and Austrian flax, although long in fibre and 

strong, are of inferior fineness. Egyptian flax is characterised by 

its extreme length, which averages about forty inches, whereas 

Silesian flax, for instance, averages only eleven inches in length. The 

annual consumption of flax in Europe is estimated at about 300,000 

tons. These figures, however, cannot lay claim to any degree of 

accuracy, since the preparation of flax still remains to a large 

extent a home industry, and as such escapes the attention of the 

statistician. 

Structure.—Under the microscope the flax fibre appears as a 

long, straight, transparent cylin¬ 

drical tube of uniform thickness, 

either smooth or longitudinally 

striated, and frequently exhibiting 

tranverse cracks. In many places 

it presents nodes and displace¬ 

ments, which cause it to look as 

though articulated. These nodes, 

which are specially characteristic of 

flax fibres, are rendered darker 

by treatment with zinc iodo- 

chloride, and then become very 

clearly visible. 

The natural ends of the fibres 

are sharp pointed and mostly 

attenuated; the cell walls are very 

thick, and the lumen is so narrow 

that it appears under the micro¬ 

scope as merely a black streak. 

The cross section of the fibre is 

also very characteristic, exhibiting a number of polygonal cells, 

in the centre of which the lumen appears as a yellow dot (in con¬ 

sequence of its yellow protoplasm). Sometimes, however, and 

especially in fibres taken from the lower part of the stalk, the 

cells exhibit a rounded shape similar to those of hemp. 

Composition.—The purified flax fibre consists of almost pure 

and quite unlignified cellulose, so that, like cotton, it is stained 

blue by iodine and sulphuric acid, and is not tinged yellow by 

aniline sulphate. 

In the air-dry condition flax contains about 5J to over 7 per 

cent, of water, and various amounts of cellulose, pectin substances, 

Fig. 3.—Flax Fibres. 
a Longitudinal view ; b Cross section. 
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fat, wax, and ash, differing according to the preparation. Accord¬ 

ing to Vignon the specific gravity of flax fibre is 1*5. 

Chemical behaviour.—In presence of reagents flax behaves 

very like cotton, though, mainly owing to the structure, it takes up 

mordants and dyes less readily than the latter. Moreover, the 

impurities of crude flax—especially the brown pectin substances— 

are more difficult to remove than in the case of cotton, and con¬ 

sequently the operation of bleaching flax is harder than with cotton. 

Flax fibre is more susceptible than cotton to the action of bleaching 

powder. When treated with ammoniacal copper oxide, it swells up 

considerably without, however, quite passing into solution. 

Hemp. 

Definition and Occurrence.—Hemp consists of the bast cells 

of the hemp plant Cannabis Sativa, which, like the flax plant, 

thrives in moderate subtropical climates. In hot countries, India 

for example, it yields a defective fibre, though, on the other hand, 

it produces large quantities of seeds, which are strongly narcotic 

and therefore used in the preparation of delicacies like hasheesh. 

Preparation.—This is effected in the same manner as flax, 

though occasionally the bast is stripped off from the plant whilst 

still fresh, the product in this case being valued on account of its 

length and purity. 

Historical.—Like flax, hemp belongs to the oldest of the 

textile fibres. Of all European countries it seems to have been 

longest cultivated in the South of France. 

Commercial Varieties and Statistics.—In commerce a dis¬ 

tinction is drawn between clean and stripped hemp. The small 

waste fibres obtained in hackling are called tow. Since hemp is 

for the most part coarse and of dark colour, and is very difficult 

to bleach, none but the very finest qualities are spun, the great 

bulk of the article being used in the manufacture of string, cord, 

rope, hawsers, etc., for which its great strength renders it par¬ 

ticularly suitable. 

The handsomest varieties of hemp come from Italy, and among 

these Bologna hemp occupies the first place, being fairly white^ 

lustrous, very fine, and flexible. Next to the Italian kind comes 

Grenoble hemp. The largest quantities are, however, obtained 

from Bussia, whilst other hemp producing countries include North 

America, Alsace, the south of Baden, Prussia, and Austria. Mention 

should also be made of the African giant hemp, which, as its name 

implies, is characterised by great length, the fibres measuring 

upwards of ten feet long. 
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About 500,000 tons a year are produced in the whole of 

Europe, one-fifth of which quantity is grown in Eussia. 

Structure.—Examined under the microscope the fibre of 

hemp is very similar to flax, exhibiting displacements, longitudinal 

fissures, and transverse cracks. On the other hand, the lumen is 

broad and only contracts to a narrow line near the tip; moreover, 

the entire fibre is less regular in thickness than flax. The ends 

of the fibres are highly characteristic, being very thick walled 

and blunt (see Fig. 4), frequently branching sideways, and thus 

affording a ready means of distinguishing this fibre from flax when 

examined under the microscope by a low and high power in 

succession. 

The cross section is also different from that of flax, the cells 

being mostly in dense groups, with rounded 

corners, and giving a yellow margin when 

treated with iodine and sulphuric acid. The 

lumen, instead of being circular, is _elongated, 

frequently branched, and devoid of contents. 

Composition.—In addition to cellulose, 

hemp fibre contains a not inconsiderable 

quantity of woody matter, differing in this 

respect considerably from cotton and flax. 

According to Yignon, the specific gravity of 

hackled hemp is U48. 

Chemical behaviour.—Iodine and sul¬ 

phuric acid stain hemp fibre green to dirty 

yellow, the various strata in the cell walls 

assuming different colours. Unlike the fibres 

previously described, hemp is stained slightly 

yellow by concentrated nitric acid. Treated 

with ammoniacal copper oxide the fibre turns 

blue to green, swells up in bubbles, without however dissolving, 

and exhibits delicate longitudinal striations. 

Ends of Elax Fibre. 

Jute. 

Definition and Occurrence.—Jute consists of the bast fibres 

of several varieties of Chorchorus indigenous to India. These plants 

yield such an enormous quantity of fibre that land planted with 

jute gives a crop from two to tenfold greater than is obtained from 

flax or hemp. 

Preparation.—The jute fibre is obtained from the plant by 

cold-water retting, and is cleaned by scutching and hackling. Great 

2 
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care, however, is necessary in carrying out the first-named 

operation owing to the ease with which jute becomes over- 

retted. 

The fibre is prepared for spinning by steeping it in an emulsion 

of oil and soap previous to hackling. 

Historical.—Jute has long been the most important fibre 

produced in India, and has grown in importance in European 

commerce since 1860, when the Crimean War led to a scarcity 

of Eussian hemp. 

Commerce, Statistics, and Uses.—Jute comes on the market 

as a yellow to French-grey fibre. The coarser kinds are worked 

up in the production of coarse fabrics, sacks, packing cloths, and 

the like, whilst the finer kinds, in which the undesirable property 

of growing darker with age is less apparent, are employed for 

making carpets, curtains, and heavy plush, for which 

its high lustre renders it suitable. Jute is also not 

infrequently used along with animal fibres; and it 

also serves to mix with hemp, though its low tensile 

strength militates against it. 

Structure.—In microscopic structure jute fibre 

exhibits a certain similarity to hemp and flax, inas¬ 

much as the cells in the cross section are grouped, 

polygonal and sharp cornered. On the other hand, 

the longitudinal view shows neither displacement nor 

striations, and the lumen is nearly as broad as the cell 

walls or even more so, besides being strongly con¬ 

stricted at intervals—a special characteristic of jute 

fibre. In consequence of the irregular thickening of 

the cell walls, it is advisable before examining jute 

under the microscope to treat it with alkali or 

chromic acid, which isolates the individual fibres. 

Composition.—Differing from other bast fibres, 

jute mainly consists of a compound of cellulose 

with lignine or other similar body, the compound 

being known as bastose. The specific gravity of jute 

is the same as that of hemp. 

Chemical behaviour.—Jute gives the lignine reaction by taking 

a yellow stain with iodine and sulphuric acid, whilst aniline sulphate 

colours it dark yellow. When treated with chlorine the principal 

constituent, bastose, is converted into a compound, which, like cotton 

containing tannin, is stained a fuchsine red by alkaline sulphites. 

It may be distinguished from hemp by the red-brown stain pro¬ 

duced by concentrated nitric acid. Jute cannot be bleached with 

chloride of lime since it combines with the chlorine and yields an 

Fig. 5. 

Jute Fibre. 
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insoluble compound with the lime. Consequently, sodium hypo¬ 

chlorite must be used for bleaching. 

Jute is usually dyed in an acid bath, though alum should be 

employed on account of the weakening effect produced on the fibre 

by mineral acids. 

Ramie, Rhea, China Grass, Nettle Fibre. 

Definition and Occurrence.—For a very long time silky, soft, 

and extremely strong fibres, known under the above names, have 

been prepared in China and India from various species of nettle, 

particular importance attaching to the fibres from Boehmeria nivea 

and allied species. At present ramie and China grass are no 

longer considered as being distinct fibres. 

Preparation.—Although there are numerous species of nettle 

yielding handsome fibres, only comparatively few are utilised, the 

stings of many of these plants having a very powerful action on the 

skin, and consequently rendering their manipulation very difficult. 

Ramie fibres are obtained by stripping the fresh bast from the 

wood. In China, the freshly cut stems of the plant are first scraped 

to remove the rind, then left exposed to the sun for several days, 

after which the bast is thoroughly damped with the morning dew 

and is carefully peeled off, the fibres being then boiled and dried. 

As the bast will not easily strip except when the stalks are quite 

fresh, the successful preparation of ramie entails the employment of 

a very large number of hands in order to be able to treat the whole 

of the crop at once. To get over this difficulty, Sansone proposed 

to store the fresh cut stalks in a solution of bisulphite in brick¬ 

work pits. Recently a great deal of trouble has been taken, 

especially in France and North America, over the construction of 

suitable decorticating machines for stripping the bast from the 

stalks in a quicker and more rational manner, this forming the 

most difficult part of the whole process. When ramie is prepared 

in the form of single isolated cells like cotton, instead of cell 

bundles like the other bast fibres, it is known as cottonised ramie, 

and can be spun to very handsome yarn. In Europe, ramie is 

bleached in the same way as cotton, and thereby acquires dazzling 

whiteness. 

Historical.—Ramie fibre has been prepared in India and 

China from time immemorial, and has also been found in mummy 

wraps. In more recent times ramie cultivation has been intro¬ 

duced into Egypt, Algiers, Spain, Italy, France, etc. 

Commerce and Statistics.—It is only of late that ramie fibre 

has attained a certain degree of importance in Europe, and this 
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would be still further increased were the difficulties in the way of 

its preparation removed. 

China alone exports at present about 3500 tons per annum. 

Chinese ramie or China grass is generally met with in com¬ 

merce in the form of slightly yellow or greenish fibres up to about 

8 inches long. It is only when the fibre has been bleached that 

it develops its valuable properties of gloss, whiteness, softness, and 

strength, which would render this fibre the most perfect of all those 

of vegetable origin, were it not for one great drawback, namely, 

that the surface of the fibre, instead of being smooth, is covered with 

a number of fine projecting fibrils. These greatly diminish the 

lustre of ramie fabrics, and are also the cause why ramie is not 

very suitable for the production of body linen. 

Ramie is used in conjunction with other fibres; for example, 

it is spun along with wool, the resulting yarn being used as a weft 

in woollen-warp fabrics. 

Structure.—Ramie fibre chiefly differs from the other vege¬ 

table fibres in the great length and breadth of the bast cells, which 

are up to 8 inches or more in length, and on the average about 

twice as broad as cotton. The fibre is very irregular longitudinally ; 

in the wide parts it is ribbon-like, flat, and also exhibits frequent 

displacements and longitudinal and cross fissures. The axial twist 

noticed in cotton also occurs here. The lumen is broad, the ends 

of the fibres are thick and rounded, and exhibit a linear lumen 

similar to that of hemp. In cross section the cells are mostly 

independent, very large, long and compressed. 

Composition.—Ramie fibre consists of almost pure cellulose, 

without any lignification. The specific gravity is l’ol to l-52. 

Chemical behaviour.—Iodine and sulphuric acid impart a 

copper red to pure blue coloration, according to the degree of 

purification. Ammoniacal copper oxide gives a blue stain, the 

fibre swelling up greatly at first and finally passing entirely into 

solution. Aniline sulphate gives no coloration. 

The intracellular substance connecting the bast cells has very 

low powers of resistance against reagents, a circumstance explaining 

the ease with which ramie fibres can be bleached. 

Distinguishing Tests for the Various Fibres. 

As may be easily gathered from the foregoing descriptions, there 

are two modes available for recognising and distinguishing the various 

vegetable fabrics, viz. the microscope and chemical reactions. In 

employing the microscope, it should be remembered that the character¬ 

istic indications of a fibre are often lacking in places, or less frequently 
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observable in some kinds, one instance of this being the spiral twist 

in the case of cotton. Consequently the examination of a single 

fibre is insufficient, and must be extended to several throughout 

their entire length. Chemical reactions, or rather the characteristic 

colorations given by the different fibres with various reagents are 

largely dependent on the concentration of the latter and on the 

purity of the fibre. Thus, for example, a highly bleached cotton 

twist often fails to give the characteristic reaction with ammoniacal 

copper oxide, owing to the fact that the cuticle may have been 

removed in bleaching. 

It is advisable to use reagents of a constant known strength. 

The usual solutions are prepared in the following manner:— 

Iodine Solution.—A 1 per cent, solution of potassium iodide 

is completely saturated with iodine; this solution must be renewed 

from time to time. 

Sulphuric Acid.—3 parts by volume of concentrated sulphuric 

acid are mixed with 1 part of water and 2 parts of perfectly pure 

glycerine; fresh acid must be added from time to time. This 

solution will then be of the right strength for examining fibres. 

When a flax fibre is treated therewith it does not swell up, but on 

the addition of iodine immediately gives a blue coloration, and not 

merely a pink or violet. 

Zinc Iodochloride.—A concentrated aqueous solution of zinc 

chloride is added to a solution of iodine in potassium iodide, the 

following proportions being taken—- 

1 part I. 30 parts ZnCl2. 

5 parts KI. 14 parts H20. 

As to which of these two methods more quickly and readily 

leads to the desired result, this depends on circumstances. In any 

event, the microscopical examination is so important that it should 

not be omitted except in rare cases, the more so because the majority 

of the colour reactions have to be performed under the microscope. 

Thus, for example, if a linen fabric has to be tested for cotton— 

a case of practical importance, inasmuch as linen goods are fre¬ 

quently adulterated with the far weaker fibre cotton—then a simple 

examination of a few fibres under the microscope will infallibly 

accomplish our purpose. The loose, flattened, and frequently twisted 

shape of the cotton fibre is so characteristic as to readily distinguish 

it from the straight, stiff flax fibres, and in fact all the bast fibres. 

In this case no colour reaction is needed. 

In distinguishing flax from hemp, two important criteria come 

under consideration—(1) The lignine reaction, hemp being, as a 

lignified fibre, stained yellow by aniline sulphate, whereas flax is 

not: (2) The ends of the fibres; these being pointed in the case 
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of flax, but thickened and often forked in hemp. As already 

mentioned in describing hemp, a low power (20 to 30) should be 

used first. 

Jute is distinguished from flax by the lignine reaction, and from 

hemp by the nitric acid reaction (jute is stained red-brown, hemp a 

pale yellow). Under the microscope the chief distinctive charac¬ 

teristic of jute consists in its irregularly thickened cell walls, which 

cause the lumen to appear strongly constricted in places. 

Finally, as regards the differentiation of ramie from other fibres, 

this presents no difficulty, owing to the great breadth of the ramie 

fibre. 

4. Animal Fibres. 

Silk, Wool, Goat Wool, Camel Wool, and Byssus Silk. 

General Properties and Differentiation from Vegetable 
Fibres.—As their name implies, the animal fibres are of animal 

origin, and consequently do not, like the vegetable fibres, consist of 

cellulose, but of complex nitrogenous bodies of the protein class. 

In addition, the animal wools contain sulphur. 

For the above reasons their behaviour is therefore very different 

in presence of the usual reagents and dye-stuffs. This difference is 

already apparent when they are simply moistened with water, which 

they take up less readily than the vegetable fibres, and which causes 

them to swell up to a smaller extent than the latter. The practical 

consequence of this behaviour is self-evident : the animal fibres, 

especially sheep’s wool and goats’ wool, require to be more strongly 

wetted than the vegetable fibres in the course of preparation for 

dyeing. Nevertheless, the animal fibres are much more hygroscopic 

than those of vegetable origin, i.e. they take up much more moisture 

when exposed to damp air. 

The two classes of fibres also exhibit very important differences 

in their behaviour towards acids and alkalis. 

The animal fibres, wools in particular, are more resistant than 

the vegetable fibres towards acids, a property on which the well- 

known method of separation, termed carbonising (q.v.), is based. On 

the other hand, they are much more susceptible towards alkalis, 

and on this peculiarity is based the determination of cotton and 

other vegetable fibres in mixed fabrics and wool substitutes. Con¬ 

sequently special care must be adopted in treating animal fibres 

with alkaline reagents. 

The carbonates of potash and soda should be used at tempera¬ 

tures not exceeding 50° C., even when in a dilute condition. Caustic 

alkalis, except ammonia, have an injurious action on animal fibres 
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under all circumstances. Considerable difference also exists between 

the two classes of fibre in dyeing, animal fibres having a greater 

affinity for the dye-stuffs, especially the acid dyes; the same 

remarks apply with regard to mordants, a point that will be dis¬ 

cussed later on. 

In bleaching, the use of chloride of lime is inadmissible for 

animal fibres, owing to the corrosion produced. Finally, the 

behaviour of the two classes of fibre when burned is so divergent 

that this test offers a ready and reliable means of distinguishing 

between them. On setting light to a vegetable fibre it burns 

rapidly, and gives off a smell of burnt paper (which itself consists 

of vegetable fibre), leaving behind a loose white ash. Animal fibres, 

on the other hand, burn very slowly, give off a smell of burnt horn, 

and fuse to a small bead of hard porous carbon. Vegetable fibres 

can be quickly detected in association with animal fibres by warming 

the sample of fabric with dilute alkali, and examining it under the 

microscope after washing: the animal fibres will be found consider¬ 

ably swollen and transparent, the vegetable fibres scarcely swollen 

at all, and sharply defined. Again, if the sample be boiled for 

about a quarter of an hour in 8° B. soda lye, the animal 

fibres will dissolve; the residue is then examined for the pres¬ 

ence of vegetable fibres, by the combustion test and under the 

microscope. 

Animal wools are distinguished from all other fibres by con¬ 

taining sulphur, and, if boiled along with a solution of lead oxide 

in soda lye, they will turn black, owing to the formation of lead 

sulphide. 

Silk. 

Morphologically, silks are the simplest, and in their other 

properties the most perfect and the most highly prized, of the 

textile fibres. The chief difference is in point of structure, 

since whereas the vegetable fibres are organised, and are products 

of vegetable growth, and wool also grows as an organised structure 

out of the skin of the sheep, silk is a solidified secretion of the 

larvae of various moths, and consequently is devoid of cellular 

structure. According as silk is obtained from the larvae of wild 

moths or the cultivated silk-worm, it is termed wild or true silk. 

These two varieties differ in so many respects as to necessitate 

entirely separate descriptions, the true silk being taken first on 

account of its far greater value. 

True Silk.—The life history of the true silk-worm, Bombyx 

mori, is identical with that of the wild silk-worms, and may 

be briefly described as follows:— 
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The perfect insect neither takes nourishment, nor does it 

produce silk, the sole object of its short existence being the 

reproduction of the species. From the egg laid by the moth is 

hatched the sexless form of the insect, the larva, and from this in 

turn proceeds the pupa or quiescent intermediate form. In order 

to protect the unharmed pupa from external influences, the larva, 

before passing into the pupal stage, surrounds itself with a casing 

or cocoon of silk fibre, which cocoon forms the raw material for the 

manufacture of silk. 

Silk-Worm Breeding.—This pursuit is carried on in estab¬ 

lishments known as “ magnaneria,” and also as a home industry. 

The first condition for founding an establishment of this kind is 

the planting of a sufficient number of mulberry trees, the true 

silk-worm feeding exclusively on mulberry leaves and requiring an 

abundant supply of these to enable it to produce fine cocoons. A 

deficient food supply causes the worm to produce either a smaller 

quantity or inferior quality of silk. 14,000 larvre, the cocoons of 

which will eventually yield from 3 to 4J lb. of silk, will consume 

during their lifetime about 9 cwt. of leaves, from which figures it 

can easily be seen that very large mulberry plantations are required 

for production of silk on a large scale. 

When fresh, the eggs of the silk-worm are yellow, dry, whitish 

grey, and resemble ordinary poppy seeds in form and size, about 

16,000 being required to weigh a lb. For hatching, they are 

spread out on sheets of paper in well ventilated and slightly damp 

chambers, the temperature of which is gradually raised in ten to 

twelve days to 60°, 64°, 68°, and 77° Fahrenheit; at this tempera¬ 

ture the larvae, which are very small, motile, and covered with 

blackish hairs, emerge from the egg, and are transferred without 

delay to frames covered with white paper. Only those from one 

hatching are put on the same frame, in order that they may all 

subsequently spin at the same time. They are now fed with fresh, 

dry, mulberry leaves cut up, and, in proportion as the larvae grow, 

they must be transferred to larger frames. Uniform temperature 

and moisture, care, cleanliness, and abundance of fresh food are 

indispensable conditions for obtaining strong healthy worms and 

good quality silk. 

The silk-worm is an extremely voracious animal and grows at 

a correspondingly rapid rate, until it attains three to four inches in 

length and weighs about one-sixth of an ounce. At this stage it 

is of a floury whiteness, or spotted with brown and black, and its 

body is divided into ten segments, the foremost of which is some¬ 

what enlarged, and carries the head and true legs. It is interesting 

to note that these legs are of the same colour as the silk that will 
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be subsequently supplied by the worm, i.e. white, yellow, or 

greenish. Daring its lifetime the silk-worm sheds its skin four 

times, and is at this period particularly susceptible to external 

influences. After the fourth shedding, the larva lives another 

eight or ten days, whereupon it ceases to eat, evacuates the con¬ 

tents of its stomach, and moves restlessly about. It is now 

transferred to dry mulberry or other twigs, wThere it at once 

begins to spin, discharging from its under jaw a thread (silk), with 

which it first forms a loose network or bed, and then begins to 

spin the true cocoon. This it does by moving its head to and fro, 

and winding the exuding silk thread around its body in a very 

regular manner. In a short time it is completely enclosed, and 

the cocoon is finished in about four days. Inside the cocoon the 

larva developes a final skin, and is converted into the pupal state. 

The shape of the cocoon differs according to the sex of the future 

insect, the females being oval, whilst the males are a little smaller, 

more cylindrical, and slightly constricted in the centre. They 

average about 1*2 inches long, and 0‘6 to 0*78 inch across. When 

fresh they have the following composition— 

Water, ...... 68-2% 

Silk,.14-3% 

Waste,.0-7% 
Pupa,.16-8% 

They are formed of a single, seldom interrupted, double fibre, which 

is strongest and most uniform at the centre and varies in length 

from 400 to 3300 yards. The innermost layer of all, surrounding 

the pupa, resembles a thin skin of parchment. After about ten days 

the cocoons are collected and sorted. Double cocoons produced by 

two larvae spinning themselves in together, or cocoons exhibiting 

other peculiarities, must be sorted out, being unsuitable for the 

manufacture of silk in the ordinary manner. Moreover, a certain 

number of the male and female cocoons are set aside for the purpose 

of reproduction, all the rest being sent to the reeling house. 

The cocoons intended for breeding are placed in a chamber 

heated to a temperature of 68 ° F., where, in about twenty days after 

the completion of the cocoon, the moth, which in the meantime has 

become perfectly developed, moistens one end of the cocoon with 

saliva, pushes the threads apart, and crawls out. The wings are 

kept in constant motion until they have expanded to their full size. 

The moth is floury white in colour and immediately begins to pair, 

its life terminating as soon as the eggs have been laid. The eggs 

are carefully dried and stored until the following spring in a cool, 

dark, dry place. 1 grm. (15 grains) of eggs will yield over 11,000 

larvae = 3 to 5 lb. of finished cocoons. 
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Diseases of the Silk-Worm.—Silk-worm breeding is a difficult 

operation, entailing great care and attention. Moreover, the larvae 

are subjected to a number of diseases. At the commencement of the 

sixties, two highly devastating epidemics made their appearance in 

the silk-worm industries of southern Europe and India. Their origin 

was investigated by Pasteur and others, and traced to fungoid 

growths developing in the bodies of the larvae. 

The Chinese and Japanese breeding establishments are, it is 

true, unaffected by this disease ; but, on the other hand, the Japanese 

industry suffers another disease caused by a species of ichneumon 

fly, which bores holes in the young silk-worm and deposits its eggs 

within the body of the latter. 

Silk Manufacture.—The first task consists in killing the pupae 

in the cocoons. It is effected in one of two ways, either by heating 

the cocoons in an oven for two or three hours at 60° to 70° C., or 

by exposing them for about ten minutes to the action of steam. 

The cocoons are then sorted, the best and finest being used for the 

production of so-called organzine, whilst the inferior grades are used 

for making trame. In weaving silk fabrics, the organzine fibres are 

used as warps, and trame as wefts. The silk threads forming the 

cocoons are next reeled, for which purpose they are first steeped in 

hot water in order to soften the gelatinous matter surrounding the 

threads, and are placed in a basin of luke-warm water. The 

attendant who looks after the reeling, then works the cocoons about 

with a small brush of twigs, in order to find the ends of the threads. 

Several ends are then united to a single thread and two sets of 

compound threads of equal thickness are passed separately through 

perforated agate guides, and, after crossing at one point, are again 

parted, passed through a second pair of guides and thence on to a 

reel which is worked at a speed of 800 to 900 revolutions per 

minute. The mucinous matter, softened by the hot water, causes 

the loose cocoon threads to stick together and form the simplest 

class of raw silk thread—grege. 

Reeling is a work requiring the greatest attention in order to 

prevent tearing the silk during the search for the ends, and also to 

secure uniform thickness in the reeled threads. It is a matter of 

considerable difficulty, and a good deal of silk gets broken during 

the former operation. 

Recently an automatic silk reeling machine was invented by an 

American, E. W. Serrell. 

Working up Waste Silk.—The silk forming the outer layer of 

the cocoon, and also that of double cocoons, perforated, burst, or 

otherwise defective cocoons, and the broken ends in reeling, con¬ 

stitute the so-called waste or florette silk. These cannot be worked 
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up by reeling, but have to be treated by Lister’s process—namely, 

scouring with soda and soap, then combed or carded in suitable 

machines like cotton, and finally spun. There are two classes 

of waste silk, namely, florette and bourette; the former consists 

of the better and longer fibre and is prepared in a manner more 

similar to worsted, whilst the inferior bourette is worked up in 

the same way as carded yarn. 

At the present time florette spinning forms an important branch 

of the silk industry ; nevertheless it is inferior in value to reeled 

silk. 

Historical.—The historical data on the subject of silk are so 

comprehensive and interesting as to deserve mention in the present 

work. China is the home of the silk industry, and it has been 

known there from time immemorial that certain larvae contain 

a secretion from which very durable threads can be produced. 

At one time these threads were used in making strings for musical 

instruments, and they are even now employed, as fishing lines. 

The discovery that fabrics could be prepared from cocoons is 

attributed to Te-ling-Shi, wife of the Emperor Hoang-te, about 

2650 B.c. This monarch is also said to be the first to wear 

silken garments; and his lady was, after death, raised to the 

rank of a deity. From that time the Chinese silk industry has 

been closely connected with the history of the country. It was 

placed under royal protection, and for a long time formed a 

monopoly of the monarch and nobility. 

The ancient Greeks were also acquainted with Chinese silk 

and held it in very high estimation. Thus, according to a cal¬ 

culation made by Pariset in the time of the Emperor Aurelianus, 

one pound of raw silk was worth about £24, and one pound of 

purple dyed silk four times that amount. This price, however, 

subsequently fell away to a great extent, so that in the fourth 

century all classes in Pome wore silken garments. Florette silk 

from the wild Assyrian moth was also known to the ancients and 

highly prized, namely, the so-called Bombykia, from which the 

Coan fabrics were manufactured. In India, Persia, and Japan, the 

cultivation of silk was introduced from China, though it is undeni¬ 

able that many of the inhabitants of those countries were already 

acquainted with and made use of this fibre. In Europe, silk was 

long regarded as a vegetable product. It was introduced during 

the first half of the sixth century of our era, and it is recorded 

that about this period the first silk-worms were brought to Byzantium, 

concealed in hollow bamboo rods, by two monks. The industry thus 

founded afterwards spread to Greece, Spain, and Italy. 

Commerce and Statistics.—At the present time the cultivation 
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of true silk is carried on (with great care) not only in its Asiatic 

home, in China, Japan, and India, but in southern Europe, Italy, 

the south of France, Greece and the Levant. China and Japan 

are the chief sources of supply of eggs for the European silk-worm 

industry, the diseases already mentioned having devastated the 

breeding establishments in southern Europe and India. Nowadays 

silk culture is making advances in every direction, e.g. in Bulgaria, 

China, and Japan. Although far from equalling European silk 

in fineness and regularity, the Asiatic silk predominates in point 

of quantity, and the Chinese production is increasing largely. The 

early cocoon crop in China is estimated at 270,000 tons, and the 

total production throughout the world at 460,000 tons of fresh 

cocoons, equivalent to 28,000 tons of grege silk. 

Physical Properties.—Baw silk is usually yellow to white in 

colour, though occasionally of a faint greenish tinge (Japanese silk), 

and only after being boiled and subjected to various mechanical 

operations does it acquire those properties for which it is so highly 

esteemed. 

Scoured silk is distinguished by high lustre, strength, toughness, 

and elasticity, the tensile strength being almost as great as that 

of iron wire of equal thickness. The elasticity is also high, a 

dried silk thread being susceptible of extension by one-seventh to 

one-fifth of its original length. These two properties mainly reside 

in the outer glutinous layer and are diminished by about 30 per 

cent, in scouring. Moreover, immoderate loading (in black dying) 

deprives the silk of a good deal of its valuable properties. When 

dried silk is moistened it contracts by about one-seventh, and the 

same also occurs in dyeing. 

Silk is a poor conductor of electricity, and when subjected to 

friction remains electrified, a circumstance which may cause a deal 

of mischief in the manufacturing process; this defect, however, can 

be obviated by keeping the factory atmosphere moist. A property 

possessed by silk alone of all the textile fibres is that of emitting 

a crackling sound (scroop) when compressed. This property, how¬ 

ever, is not originally present in the silk, but is acquired after 

immersion in an acid bath. No proper explanation of this pheno¬ 

menon has yet been discovered, but it is assumed that the acid 

roughens the surface of the fibre, and that the noise results from 

the increased friction thereby ensuing when pressure is applied. 

Production and Structure of the Silk Fibre.—The silk fibre 

is produced in two glands along the inside of the body of the silk¬ 

worm, which glands are in the shape of convoluted cylindrical 

threads, and occupy a considerable amount of space in the full- 

grown larva. The glands consist of three principal portions (Fig. 6): 
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(1) the part a, b, where the silk is probably formed; (2) the broader 

part, b, c, wherein the silk is probably stored; and finally (3) the 

capillary tube, c, d, where a partial hardening of the silk occurs. 

In this manner two threads are simultaneously formed, which unite 

at d, and issue from the silk¬ 

worm’s head in the form of a 

double thread, which only be¬ 

comes thoroughly hardened on 

exposure to the air. If the silk 

gland be cut through at the 

thickest part, it is found to consist 

of two distinctly separate parts, 

an internal transparent layer, 

and an external stratum which 

is colourless, greenish, or yellow, 

according to the breed of the 

silk-worm, and occupies about 

one-fourth of the total volume. 

As in the scouring of raw silk, 

which dissolves the sericin, an 

almost identical loss in weight 

occurs, it is concluded that this is formed simultaneously with the 

substance of the silk. 

In harmony with this method of formation, the silk fibre 

exhibits under the microscope the appearance of a clear cylindrical 

double thread, enclosed in a cloudy integument. As is shown in 

Fig. 7, the two threads stand apart in places; and in scoured silk 

are entirely separated; consequently, whilst raw silk consists of a 

double thread, the scoured silk is single. 

Florette silk can be recognised by the irregular appearance of 

the external layer (Fig. 8). 

The structure of silk is, however, not so simple as the micro¬ 

scopical picture would lead us to expect; and in fact the fibre is 

composed of a number of smaller elements or fibrils, connected 

together by a small quantity of matrix. This can be concluded 

from the following facts :— 

When a silk fibre, exhibiting a slight striation, is treated with 

chromfb acid under the microscope, the striation is rendered more 

clearly defined. More conclusive evidence is, however, afforded by 

the behaviour of the fibre in presence of moderately strong sul¬ 

phuric acid assisted by heat, since if, after impregnation with this 

acid, the silk be dried and then heated to 80°—100° C., it will be 

found, on careful examination under the microscope, to be entirely 

disintegrated into fibrils, separated by the preceding treatment. A 
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similar, and still more decisive, proof is afforded by “ lousy ” silk 

(see later, under Decortication). 

Chemical Composition.—As already stated, the silk fibre 

consists of two portions, the outer layer, or sericin, and the real 

substance of the silk, or fibroin, the latter constituting about two- 

thirds of the total material present in the raw silk. 

Sericin is a substance soluble in water and resembling ordinary 

gelatine, though, when boiled for some time with dilute sulphuric 

acid, it furnishes decomposition products differing from those 

yielded by gelatine. 

Fibroin is entirely insoluble in water and is classed along 

with the proteids. On comparing the empirical formulae of fibroin 

and sericin, the following simple relation is found 

to exist between them:— 

c15h23n5o6+o+h2o = c15h25n5o8 
Fibroin Sericin 

It is therefore possible that 

sericin is produced from fibroin, an 

assumption that would seem to be 

justified by the fact that when 

scoured silk, entirely freed from 

sericin, has been left for some time 

exposed to damp air, it loses in 

weight on being subsequently boiled 

in water. 

In addition to the foregoing 

substances raw silk also contains 

water, and, in small amounts, fat, 

wax, and pigmentary matter. 

The specific gravity of both raw 

and scoured silk is 1*34 (Yignon). 

Chemical Properties and Ab¬ 
sorptive Capacity.—Silk will stand 

a temperature of 110° C. without 

undergoing any alteration, but rapidly 

decomposes on being heated to 

170° C. When held in a flame it 

burns, and, like wool, appears to fuse, without, however, disengaging 

such an unpleasant smell as is evolved by the latter. 

When in the pure state, silk is highly resistant towards putre¬ 

factive agencies. It is very hygroscopic, absorbing as much as 

30 per cent, of water when exposed to damp air. Owing to this 

circumstance, and the fact that it is a very expensive material and 

Fig. 7. 

(а) Raw Silk Thread. 

(б) Scoured Silk. 

Fig. 8. 

Florette Silk. 
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is sold by weight, it becomes necessary to determine the actual 

weight of silk in each bale, an operation that is performed in 

silk-conditioning houses, which establishments will be described 

later on. 

In addition, silk is a very porous substance, and has a high 

absorptive capacity for all kinds of bodies, e.g. alcohol, acetic acid, 

tannin, sugar, etc. Its capacity for absorbing dye-stuffs is greater 

than that of any other textile fibre, and is even exhibited at the 

ordinary temperature. Furthermore, certain salts, used as mordants, 

are absorbed in large quantities by silk, a phenomenon on which 

is based the operation known as loading or weighting silk. 

Warm dilute acids dissolve the sericin, but. leave the fibroin 

untouched; concentrated acids, however, exert a destructive action. 

Cold acetic acid dissolves out merely the colouring matter of raw 

silk, without attacking the sericin, though when heat and pressure 

are applied the silk dissolves in this acid. Concentrated nitric 

acid stains silk a beautiful yellow, xanthoproteic acid being formed. 

This coloration is deepened by alkalis but lightened by acids, and 

is destroyed by a boiling hot solution of stannous chloride. Formerly 

this colour was utilised industrially. 

Concentrated basic zinc chloride dissolves silk to a viscous 

solution. A concentrated acid solution of zinc chloride also readily 

dissolves silk, and the solution can be diluted with water without 

precipitation being produced. When the liquid is dialysed, to com¬ 

pletely remove the acid, an aqueous solution of chemically altered 

sericin is obtained. This operation, though undoubtedly interesting, 

does not, however, seem capable of any practical utilisation, inas¬ 

much as the bulk of the sericin is thrown down during dialysis, 

and in no case is the solution entirely free from zinc, however 

prolonged the operation may be. On evaporating the solution to 

dryness, a yellow substance is obtained, which resembles colophony 

in appearance and is no longer soluble in water. 

Dilute alkalis diminish the gloss of the silk, and when 

moderately concentrated dissolve the material in the warm. 

Ammonia exerts no appreciable influence in the cold, and soap 

acts merely as- a solvent of sericin, though, after prolonged exposure 

at boiling heat, the fibroin also is attacked. 

Silk is soluble in both ammoniacal copper oxide and ammoniacal 

nickel oxide, but differs from cotton in not being reprecipitable by 

additions of salt, sugar, etc. This solubility in ammoniacal nickel 

oxide—as also in zinc chloride—can be utilised as a quantitative 

test for silk in mixed fabrics, the following method being adopted, 

according to Kichardson:— 

Twenty-five grms. of crystalline nickel sulphate are treated 
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with caustic soda to throw down the oxide, which is then care¬ 

fully washed and rinsed by the aid of 125 c.c. of water into a 

250 c.c. flask, which is filled up to the mark with ammonia (sp. gr., 

0-88), the liquid being then employed for treating the tissue under 

examination by boiling them together for ten minutes under a 

reflux condenser. The silk is completely dissolved, and the cotton 

loses 0‘8 per cent, in weight. For silk and cotton goods the 

following method is, however, preferable:— 

A solution is prepared of 1000 parts fused zinc chloride and 

40 parts zinc oxide in 850 parts of water; and the fabric, after 

being boiled in this solution for one minute, is freed from zinc by 

washing with hydrochloric acid (1 per cent, strength). Under this 

treatment 0‘5 per cent, of the cotton (or l-5 to 2 per cent, of wool, if 

present) is also dissolved. 

Wild Silk.—In China, Japan, and India, the home of the true 

silk-worm, there are also found insects belonging to the nocturnal 

peacock moth family, which not only have the same life history as 

the true silk-moth, but also furnish a very similar class of silk, though 

differing therefrom both morphologically and in point of behaviour 

towards chemical reagents. 

Although the manufacture of fabrics from the cocoons of wild 

silk-moths was practised in the aforesaid countries from the earliest 

times, it was only about 1860 that, in consequence of the silk-worm 

disease, the attention of European silk manufacturers was drawn to 

this material. 

The chief reason for this is to be sought in the fact that the 

wild silk-worm makes several pauses when spinning the cocoon, the 

consequence of which is that the cocoon is composed of several 

threads difficult to disentangle and therefore unsuitable for reeling. 

However, since Lister’s method of working up waste silk was applied 

to wild silk, the cocoons of these wild spinners have become an 

important factor in the European silk industry, plush and velvet 

in particular being novr made in large quantities from this raw 

material. 

The main advantages of wild silk are—(1) Its greater durability, 

owing to the greater thickness of the threads, though, in con¬ 

sequence of the method of treatment pursued, the true silk threads 

are stronger in the finished fabric; (2) Greater cheapness and pro¬ 

ductivity, inasmuch as the wild silk-worms do not require to be culti¬ 

vated, but spin their cocoons on trees in the open. Moreover, the 

cocoons are larger and yield more silk than those of Bornbyx mori, 

and many of them bring up several broods in a season (2—8), whilst 

Bornbyx mori gives only one crop in the year. 

On the other hand, apart from the inferior regularity of the 
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cocoons, the wild silk-worms exhibit the disadvantage of furnishing 

a silk that is always more or less highly coloured and is very 

difficult to bleach. For this reason wild silk is mostly spun and 

woven in an undyed—natural—condition. There is, however, 

some hope that this difficulty can be surmounted, since, according 

to the observations of 0. FT. Witt, wild silk is always colourless 

when first formed, but is afterwards soiled by the secretion 

employed by the worm to moisten the spun thread. The colora¬ 

tion thus imparted depends on the plant on which the larva has 

been fed, and is darker in proportion as the plant is richer in bodies 

that furnish pigments on exposure to the air. Hence, if the worms 

during the latter stage of their existence be fed on plants incapable 

of furnishing such pigments (tannin, etc.), perfectly white silk will 

be obtained. 

On this point practical experiments on a large scale have been 

successfully carried out, Major Coussmacker having obtained per¬ 

fectly white cocoons in India by feeding the larvae of Anthercea 

mylitta in a suitable manner. This result is the easier of attain¬ 

ment in that, unlike the true silk-worm, the larvae of the wild 

spinners are not restricted to one source of food supply, but easily 

stand a change of diet. 

The chief wild spinners are— 

Anthercea mylitta, which occurs all over India, and yields the 

most valuable of all wild silks, viz. Tussah silk. 

The Eria spinner, Attacus ricini, met with in tropical Asia, also 

in North and South America, yields a very handsome, almost white 

product, that is daily growing in value. Special mention should be 

made of one individual of this tribe, viz. Attacus atlas, the largest 

known moth, which produces open cocoons, from which the so-called 

Fagara silk is obtained. 

Anthercea Yamamai, the Japanese oak moth, furnishes a pale 

green, very handsome silk, which is the nearest to true silk in 

character, and is highly esteemed. 

Anthercea Pernyi, the North China oak moth, yields a silk that 

is very largely exported under the erroneous designation of Tussah 

silk. 

Tussur or Tussah Silk.—This, being the most important and 

best known of all the wild silks, will be described more particularly. 

The moth {Anthercea mylitta) from which this silk is obtained 

occurs throughout the whole of India and Southern China, and has 

been bred regularly in the former country from time immemorial, 

the industry being carried on by organised castes, and attended 

with numerous religious ceremonies. According to the Hindoo 

faith, the Tussah moth is the incorporation of the god Shiva; and 

3 
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the silk-worm breeders must abstain from eating meat, washing, and 
shaving during the whole time the larvae are growing and spinning. 

The Tussah cocoons are attached by their stems on to twigs, 
and are reeled, an operation that is very carelessly performed in 
India. Sometimes the cocoons are brought to Europe; but in that 
event are not reeled, being spun instead. 

Tussah silk exhibits all the aforesaid advantages and defects of 
the wild silks in general. Chinese Tussah, which is frequently 
confounded with the Indian variety, is darker in colour and inferior 
in lustre and beauty. 

When examined under the microscope, Tussah exhibits a highly 
characteristic appearance, differing greatly from that 
of true silk (see Fig. 9), the fibres showing strong 
striation, and being apparently much constricted in 
parts. The very distinct striations are caused by the 
numerous very fine fibrils of which each fibre is com¬ 
posed. Unlike true silk, the fibre is not of circular 
cross section, but of elongated quadrilateral form. 

In presence of reagents, acids and alkalis in par¬ 
ticular, Tussah silk behaves very like true silk. It 
is, however, much more resistent than the latter, 
especially towards solvents, so that the two kinds of 
silk can be separated in a fairly accurate quantitative 
manner. 

The other wild silks behave very much the same 
as Tussah silk. 

Byssus Silk.—This fibre, which morphologically 
and chemically is nearly allied to true silk, is the pro¬ 
duct of certain mussels which are found in Sicily, 
Sardinia, and Corsica, and spin a long silky thread, 
for the purpose of attaching themselves to the rocks 

Fig. 9. at the bottom of the sea. 
This fibre is golden brown in colour, lustrous, 

soft, and elastic. In former times it was extensively collected, and 
employed in the manufacture of the highly prized Byssus garments; 
but at the present time it is not much used, its collection being 
attended with considerable difficulty. From a chemical point of 
view, it differs from other silks in that it merely swells up when 
treated with acids, alkalis, or ammoniacal copper oxide, without 
passing into solution. 

Animal Hairs. 

The skins of all warm-blooded animals are covered with a 
protective coating of horny cellular structures, which, in the case 
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of mammals, assume the form of hair, and constitute the feathers 

of birds. 

These structures are elaborated in special glands in the skin, 

and protrude through the epidermis in proportion as they increase 

in length in consequence of cell multiplication. 

Animal hairs are the most complex, morphologically, of all 

textile fibres, and, after silk, are the most perfect. In point of 

chemical behaviour and conduct in presence of reagents, they 

closely resemble silk, and therefore may be classed along with the 

latter in one group—that of the animal fibres as contrasted with 

the fibres of vegetable origin. 

Chief in importance among the animal fibres is— 

Sheep’s Wool. 

Wool is the name given to the fibrous substance secreted by the 

skin of the sheep, and forming the hairy covering or fleece of the 

animal. This covering is composed of several similar elements, whose 

anatomical structure exhibits different degrees of development. 

In the main the fleece of the sheep consists of body hairs and 

true wool hairs, the latter being thin, soft, and curly, and possessing 

the valuable property of felting, whilst the body hairs are thicker, 

darker in colour, and, for the outer third of their length at least, 

stiffer and sharply tapered. 

In a few parts of the body, on the legs and head, of the animal 

there occurs a third kind of hair, viz. bristles, least of all endowed 

with the valuable properties of sheep’s wool. 

The fine wools of commerce are chiefly composed of only one of 

the above classes of hairs, viz. either body hairs alone or solely of 

true wool hairs; whilst common grades, on the other hand, form 

mixtures of both. 

It is more than likely that the article we now regard as typical 

wool is not a really natural product, but one that has been gradually 

evolved, in the course of many centuries of selection. Even at the 

present time there still exist two breeds of sheep, the Corsican 

moufflon and the argali, found in Asia and America, in whose 

hairy coats the valuable properties of sheep’s wool are merely 

suggested. Moreover, it can be clearly observed in the domestic 

sheep that improvements in the breed by suitable selection produce 

a corresponding improvement in the wool. Consequently the 

wools of the highest breeds consist almost exclusively of true 

wool hairs ; though even in the finest wools may be found body 

hairs, which must be ascribed to atavism, i.e. a reversion to the 

original type of hairy covering. 
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The circumstances influencing the quality of wool and the 

percentage of body hairs therein are exceedingly numerous, chief 

among them being race and climatic conditions. Thus, for instance, 

in the hot, dry countries of Central Africa the proportion of wool 

hairs, in even the best breeds of sheep, steadily diminishes, and 

that of the body hairs as regularly increases. Conversely, the 

climate of Australia is so excellently adapted for wool-growing 

that even the poorest breed of sheep will produce a good wool in a 

few years time there. 

Again, the fodder supplied to the sheep has a great influence on 

the quality of the wool. Grass from chalky soils produces a coarse 

wool; whilst that from rich, loamy soils gives line silky fibres. 

Finally, the quality is influenced by the age and health of the 

sheep, and also depends on the part of the body on which it 

grows. 

It is worthy of mention that the sheep producing the finest 

wool yield poor mutton. 

Collection.—The wool of the sheep is mostly obtained from the 

living animal by shearing—an annual operation. The amount of 

wool furnished by an individual sheep, of course, varies consider¬ 

ably, and depends mainly on the breed and sex, the male merino 

yielding about 8 lb. at a shearing, the female only about 5 lb. 

Taking the general average, the yield per head varies from 3J lb. 

to 13 lb., though this is exceeded by some breeds—the Argentine 

ram, for example, occasionally producing a fleece weighing 40 lb. 

and upwards. 

Wool that is cut from carcases or separated from the fells by 

liming, is known as tanners’ wool, and is always inferior to the 

shorn fleece, especially when obtained by liming. 

Historical, Commerce, and Statistics.—In Western countries 

wool has been used from very early times, whereas in Asia, the 

conditions being less favourable for sheep-breeding, the article has 

always played a less important part, though the hair of certain 

goats, distinguished for its special lustre, has been there woven into 

fine fabrics from time immemorial. 

The home of the sheep-breeding industry in Europe is Spain, 

where the indigenous merino sheep has been bred for its wool from 

very early times. In the Middle Ages the Spanish woollen industry 

was in a thriving condition, and the Moors devoted special care to 

the breeding of merinos. Subsequently the industry languished, 

but has recently revived. At first the Spaniards protected the 

breeding industry with extreme jealousy, and the exportation of a 

live merino sheep was prohibited under pain of death. This 

attitude, however, could not be maintained permanently, and, since 
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the year 1723, merinos have been repeatedly exported to other 

countries with beneficial results in every instance. Specially 

important for the breeding of sheep in Europe was the introduc¬ 

tion of the merino into Saxony in 1765, the Saxon Electoral breed 

now furnishing the thinnest and finest known grade of wool. 

The introduction of sheep-breeding into Australia and New 

Zealand has been attended with the most successful results. 

Australia possesses no native breed of sheep, and it was only 

towards the end of the eighteenth century that the first sheep 

were sent over. The originally coarse, useless hair of these 

animals soon developed into good wool under the favourable 

influence of the Australian climate, and subsequent crossings of 

the breed with good English sheep brought about additional improve¬ 

ment, which was still further heightened by repeated crossing with 

merinos, so that at the present time the Australian sheep furnishes 

a wool ranking with the very best merino. 

In South America, also—especially in Chili and the La Plata 

States—sheep-breeding has long been pursued on a large scale; and 

in North America the cultivation of wool has latterly made great 

strides, and will probably ere long attain considerable importance. 

About fifty commercial grades of wool are known, chiefly 

divided into two principal classes—long and short staple, according 

to the length of the component fibres. To the latter class belong 

all wools measuring 1 to lj inch in length, those between 3J 

and 6 inches being classed as long staple. The latter are treated 

by the combing process, and are used for making worsted fabrics; 

whilst the short wools are carded for spinning in the production of 

woollens. 

With regard to the wool production of the various countries, it 

must be admitted that, notwithstanding the increased activity in the 

woollen industry in Europe, the output of wool in that continent is 

on the down-grade, owing to the more favourable natural conditions 

prevailing in extra-European lands; and consequently the import of 

wool into Europe is constantly increasing. About half the total 

output of raw wool produced in Europe is grown in Eussia. 

The trade in extra-European wool is almost entirely in English 

hands, though latterly a share of the trade has been acquired by 

Belgium. Accurate statistics of production in the several wool¬ 

growing countries are difficult to obtain, European wools being 

occasionally brought into the market in a partly cleaned condition, 

whereas the extra-European article is always sent over in the 

grease (unwashed). The total production for the whole world may, 

however, be estimated at about 1,000,000 tons per annum. 

As regards the woollen manufacturing industry, in this respect 
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Europe is far ahead of any other countries, and the chief place of 

all is occupied by Great Britain. 

Composition of the Fleece.—The term fleece is applied to the 

entire hairy coating of the sheep, including all impurities. It is 

composed as follows :— 

Fibres 
Yolk (wool fat) 
W ater 
Dirt 

15-72 per cent. 
12-47 
4-24 
3-24 

55 

55 

In addition to the hairs already mentioned, the fibres contain 

shorn hairs, recognisable by their clipped extremities when viewed 

under the microscope. 

Structure.—Wool has the most complex and interesting 

structure of any of the tex- 

a b tile fibres hitherto men¬ 

tioned. 

When a fibre of wool 

is examined under the micro¬ 

scope it is seen to consist 

of threie parts, distinguished 

respectively as the scaly 

epidermis, the cortex, and 

the medulla or pith. The 

outer scaly epidermis is com¬ 

posed of thin horny scales 

lying one above another like 

the tiles on a roof. In the 

finer qualities of wool a 

single scale is generally 

sufficient to entirely sur¬ 

round the wool hair, so 

that the latter seems to be 

formed of a number of cups 

set one within another 

each scale being also generally 

These scales form the chief 

wool, and render its detection 

They are, however, not always 

so well developed as the specimen given in Fig. 10, b; being in 

many instances less clearly visible, and in some merely present as 

faint broken lines (see Fig. 10, a). In other cases they may even be 

entirely absent in places, as, for example, in the wool of several 

breeds of country sheep where the scales are invisible for some 

distance from the tip of the fibre, or in wool taken from a piece of 

(Fig. 10, .&), 

projecting, i 

the edge of upper 

, and serrated, 

external characteristic of sheep’s 

under the microscope an easy task. 
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cloth which has been put through a finishing process that has 

stripped the scales off to a greater or smaller extent; and, even in 

some of the finest wools, the scales are occasionally very imperfectly 

developed near the tips. In the case of body hairs the scales are 

far smaller, and in no instance does a single scale surround the 

entire hair (Fig. 10, c). 

On the structure of these scales depends one of the most 

valuable properties of wool, viz. the felting or shrinking power. 

This is due to the circumstance that, when the wool is soaked in 

certain solutions (e.g. soap), and subjected to pressure and friction, 

the individual scales engage one in another so that they can no 

longer be separated without breaking. On this behaviour is based 

the operation of fulling or milling woollen cloth. This explanation 

of felting property is in perfect harmony with the fact that body 

hairs, and, indeed, all other hairs with less fully developed scales, 

are harder to full than wool. 

Two other properties of wool also depend on the nature and 

arrangement of the scales, namely, the lustre of the fibre and the 

degree of facility with which it will absorb water and dye-stuffs. 

Wool, with scales that either lie down flat or project only very 

slightly, always has more lustre than that wherein the converse 

conditions prevail. Some common grades of wool have very hard 

scales, which tightly encompass the hair and greatly retard the 

penetration of water and dye; such wools must therefore be well 

wetted before dyeing. 

The second or cortical layer of the wool fibre consists of small 

spindle-shaped cells which give the wool its strength. These cells 

are visible, when viewed longitudinally under the microscope, as 

long striations, especially when the wool has passed through the 

finishing process. 

Finally, the third or central layer, the medulla, is of far less 

importance than the other two, since it is entirely absent in the 

very best kinds of wool (merino). In fact, the dimensions of this 

medulla afford an indication of quality, since while the coarse body 

hairs have a broad medulla, and can thus be distinguished from the 

'fine wool hairs under the microscope, the quality of the true wool 

hairs varies inversely with the amount of medulla they contain. 

The presence of this pith is a cause of weakness in the fibre, 

and therefore it gradually disappears in proportion as the wool is 

improved. 

Microscopical examination plays an important practical part 

in the case of sheep’s wool, since it forms the best means of 

distinguishing between the different kinds of wool, and also of 

differentiating between body hairs and true wool, the former being 
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readily recognised by their well-developed medullary layer and small 

scales. Tanners’ wool that has been removed from the pelt by 

liming can be detected by the presence of hair-root sacs, which 

are never found in the shorn fleece. Moreover, the microscope 

forms the best means of detecting the peculiar malady known 

as “ stocks,” and probably due to mouldy growths, which infests 

wool or woollen cloth that has been stored for some time in warm, 

badly ventilated rooms whilst in a damp state, especially if this 

dampness be due to alkaline liquids or contact with decaying wood. 

The malady is most frequently encountered in woollens dyed 

with indigo, and generally takes the 

form of small light-coloured spots 

distributed over the surface of the goods. 

The view that the mould eats away 

the dye is, however, erroneous, and 

it is really the fibre that is attacked 

and rendered brittle, the result being 

that it drops away and leaves a spotty 

mark. When the corrosion has pro¬ 

ceeded sufficiently far, its effects on 

the fibre are clearly visible to the 

naked eye; and if a portion be examined 

under the microscope, a very peculiar 

and characteristic appearance will be 

detected (see Fig. 11), viz. that the 

scales on some parts of the hairs, 

and especially at the tips, have dis¬ 

appeared, leaving the spindle-shaped 

cells of the cortical layer protruding like 

the hairs of a brush, whilst some of 

them have become detached altogether 

and can be seen lying upon and be¬ 

tween the wool hairs. In other places they stick out from the 

side of the wool hairs like so many tufts. 

Some skill is, however, required in detecting this characteristic 

appearance, especially when the malady is only in the incipient 

stage, since shoddy and other wool substitutes present a similar 

picture under the microscope, though what is really seen in this 

case is the broken ends of fibres, and not the separate spindle cells. 

The malady in question plays an important and much dreaded 

part in the woollen industry, since the affected pieces can neither 

be properly dyed nor milled, and, besides, the goods are weakened. 

An equally characteristic appearance is exhibited under the 

microscope by wool corroded by alkalis, the wool being curled up 
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in horseshoe form when the reaction has been very strong (see 

Fig. 12), or merely turned round in the form of a crosier at the 

ends when a less powerful 

reaction has occurred. A 

similar corrosion of the fibre 

is often met with after the 

carbonising process, and, in the 

subsequent dyeing, gives rise 

to what is known as “ soda 

spotting.” 

Finally, it is also occasion¬ 

ally possible to detect acid 

corrosion in wool by the aid 

of the microscope, the fibre 

being in such case more than 

usually striated, and in some 

places, the ends particularly, 

looks as though hacked to 

pieces. Unfortunately, the 

microscopic picture furnished 

by such wool is not very character¬ 

istic, and for this reason the formation 

of “ acid spotting ” due to carbonisa¬ 

tion cannot always be detected by the 

microscope test alone, although when 

the wool has been strongly corroded 

by acid the microscopic picture is 

characteristic enough (Fig. 13). 

Physical Properties.—Wool is a 

very hygroscopic substance, and can 

absorb a large proportion of water 

without becoming appreciably wet. 

This property is utilised by certain 

fraudulent dealers, inasmuch as they 

leave the wool in a damp place, or 

else sprinkle it with water, in order 

to increase the weight. For this 

reason it has become necessary to 

condition all parcels of wool. The 

toughest wool generally contains the 

largest percentage of water; in the 

case of unwashed wool, the amount 

of moisture is inversely proportional 

to the fat content. Although so hygroscopic, wool absorbs moisture 
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in large quantities far less rapidly than the other textile fibres, 

and therefore requires to be well wetted before dyeing, one to two 

hours’ boiling in water being necessary. 

In warm water wool fibre swells up, becomes soft, and, like all 

horny substances, plastic—i.e. retains the shape into which it has 

been moulded. Several important operations in the finishing process 

for woollen goods are based on this property of the fibre, as well as 

on its high elasticity and felting power. 

The lustre of wool varies considerably, the straight, smooth 

wools being mostly superior in this respect to the curly merino 

wools. Such wools, however, as have a glassy lustre are generally 

very hard and horny, and are difficult to dye, on which account they 

must be particularly well wetted. 

The colour also varies greatly in the different grades, the best 

kinds being white, the others yellowish, red, brown, and black. The 

dark-coloured wools are almost impossible to bleach, and are worked 

up in their natural shade to dark goods. 

Wool greedily absorbs acids, metallic hydroxides, and dye-stuffs, 

more especially in the warm. This interesting feature will be fully 

dealt with in treating of mordanting and dyeing. 

Chemical Composition.—In the unwashed state wool consists 

of three parts—fibre, wool fat, and suint or yolk. 

The thoroughly cleansed fibre has the same chemical composition 

as horn and feathers—viz. the substance known as keratin, which 

is classed with the proteids. It consists of carbon, hydrogen, 

oxygen, nitrogen, and sulphur. 

The percentage values obtained for the constituents of keratin 

by ultimate analysis are worthless, since it is impossible bo dry wool 

thoroughly without decomposition. It is, moreover, almost certain 

that what we regard as pure wool is not a uniform substance, since 

if even the purest wool be boiled in water, one or perhaps more 

organic substances and sulphur pass into solution. The organic 

matter thus dissolved gives precipitates with silver and lead salts, 

and is therefore probably of an acid character. 

If this boiling be repeated with fresh quantities of water, a 

point is at length reached when no further extraction occurs. 

With regard to the part played by sulphur in the substance of 

wool, nothing definite is known. A portion of this sulphur can be 

extracted by solvents, and even, as already stated, by boiling with 

water, without altering the structure of the wool or its behaviour 

towards reagents; and it also appears to be in part contained in 

the soluble matter just referred to. Nevertheless, the whole of the 

sulphur cannot be extracted without producing structural modifica¬ 

tions. These considerations also explain the highly conflicting 
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analytical reports on the percentage of sulphur in wool, the figures 

ranging from 0’8 to 3 -8 per cent. 

The presence of sulphur distinguishes animal wools from all 

other fibres, and may be employed as a means of differentiation 

between them, a black coloration being produced when wool is 

boiled with sodium plumbate. 

Wool Fat.—This, the fatty matter found in wool, is an 

accidental constituent of wool fibre, but cannot be entirely removed 

without spoiling the softness of the wool. 

Its composition is complex, and has been only partially investi¬ 

gated. It consists of cholesterin and isocholesterin, both in a free 

state and in combination with oleic acid, stearic acid, hysenic acid, 

etc. Tree higher fatty acids, and other still unidentified substances, 

also appear to be present. Wool fat is therefore not a true fat, 

since it contains no glycerides. 

Suint or Yolk.—Under this name are comprised all the bodies 

that are eliminated from raw wool in the washing process, though, 

scientifically speaking, the term “ suint ” applies only to the fluid 

secretion of the skin of the sheep. The amount varies in different 

wools, and it is an accepted axiom that the larger the proportion of 

suint the better the quality of the wool. 

The extracted and dried suint contains 60 per cent, of organic 

matters and 40 per cent, of mineral substances. It consists chiefly 

of the potash salts of oleic acid and stearic acid, probably also of 

other volatile fatty acids; and, in addition, contains potassium 

chloride and the phosphates, sulphates, and silicates of calcium, 

potassium, iron, and magnesium, together with nitrogen in the form 

of ammonia salts and in the organic compounds. 

Both wool fat and suint are recovered from the waste waters of 

wool-washing establishments, and are utilised in various ways. (See 

Wool-Washing.) 

Chemical behaviour of Wool Fibre.-—In the pure state wool 

fibre consists of keratin, which is classed with the proteids and has 

the character of an amido-acid, i.e. is both acid and basic. The 

presence of amido groups in wool has been proved by diazotisation. 

Even when stored in the damp, sheep’s wool is less subject to 

mould than vegetable fibres. On being heated in the dry state, 

wool undergoes slight decomposition, even at 120—125° C., attended 

with liberation of ammonia and slight yellowing; when heated to 

140—150° C., it also loses part of its sulphur, which is liberated in 

the form of sulphuretted hydrogen. 

The behaviour of wool on combustion and towards water has 

already been described, and it only remains to state that wool is 

far more resistent towards water than silk, though unnecessarily 
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prolonged boiling should be avoided, since this roughens the 

wool and lowers its tensile strength. It suffers far less when 

boiled in acidified water, the reason apparently being that pure 

water behaves like a weak alkali, and therefore dissolves out a 

(probably acid) constituent of the fibre. When heated with water 

to 200° C., under pressure, complete decomposition and solution 

occur. 

The effect of alkalis on wool has already been mentioned in 

part. Ammonia in the cold does not attack wool to any appreci¬ 

able extent, though some loss of substance occurs even when the 

ammonia is very dilute and the period of exposure brief. 

Ammonium carbonate has but very little effect on wool, and 

is for this reason the best detergent for this material. 

Lime acts les^ powerfully than the caustic alkalis, but extracts 

sulphur and renders the wool hard and brittle, besides making it 

more difficult to full. It is for this reason that tanners’ wool is 

such an inferior material. 

By the energetic action of barium hydroxide, a substance 

known as lanugic acid, possessing the general properties of wool, 

has been isolated from the fibre. 

Wool has a greater power of resisting dilute acids than is 

exhibited by any of the other textile fibres already mentioned, but 

suffers more or less corrosion when treated with concentrated acids. 

Thus, if carbonised wool be left for several weeks without neutral¬ 

ising the residual sulphuric acid from the carbonising process, it 

will be found to have sustained considerable alteration, evidenced 

by the abnormal loss in weight experienced on boiling it with 

water. Such wool also behaves in a peculiar manner when dyed, 

inasmuch as it will then readily absorb Methylene Green, for 

example, which is not the case with normal wool. Concentrated 

acids will dissolve wool completely. 

Concentrated nitric acid stains wool yellow, xanthoproteic acid 

being formed. This property is frequently utilised for producing 

false yellow selvedges in cloth. 

< Chlorine or hypochlorous acid has a very powerful effect on 

wool, the latter absorbing up to 33 per cent, of the reagent, and suffer¬ 

ing an entire change of character, being stained brown, losing its 

felting properties, acquiring a hard feel, and in many cases assuming 

a silky appearance, inasmuch as it scroops when compressed, and 

exhibits a greater affinity for dye-stuffs. 

However, an entirely favourable modification is produced in 

wool by the moderated action of hypochlorous acid; and practical 

use is made of this circumstance—for example, in securing better 

development of the so-called steam dyes in the printing of woollen 
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piece goods. Latterly this reaction has also been employed in the 

production of the so-called “ silk wool/’ a product exhibiting the 

above-mentioned properties of silk, and obtained by treating wool 

with an acidified solution of bleaching powder. (Full particulars 

of the method are given in the directions published by the Badische 

Anilin- und Sodafabrik.) 

Finally, it may be mentioned that true wool hair is dissolved 

by ammoniacal copper oxide in the warm, whereas body hairs, and 

hairs in general, are destroyed but not dissolved by this reagent. 

Goat Wool and Camel Wool. 

In morphological and chemical character these textile fibres 

are closely allied to sheep’s wool, and the particulars given with 

regard to that substance apply to them also. 

Mohair is the silky hair of the Angora goat, indigenous to 

Asia Minor, the climate of which country seems favourable to the 

growth of long silky hair, since the dogs, cats, and rabbits there 

found are all covered with hair of this kind. Latterly it has been 

found possible to acclimatise the Angora goat in Cape Colony 

also. 

On account of its stiffness, mohair is used for making plush, 

and, by reason of its handsome lustre, it is also employed in fine 

fabrics, for decorating cloth, and for fancy yarns in place of 

silk. 

Under the microscope, mohair is distinguishable by remarkably 

broad and regularly distributed striations; the scales are thin and 

serrated. 

Cashmere, or Thibet wool, is the soft down of the Cashmere 

goat (Capra hircus laniger), indigenous to Thibet. It forms the 

material for the justly renowned Indian shawls, and, on account of 

its great softness, is also used in the European woollen industry, 

mainly for producing a nap on winter clothings. 

It is worthy of remark that this wool is more difficult to dye 

than that of the sheep. r 

Alpaca, Vicuna, and Llama.—These fibres are furnished by 

camel-goats, of the Auchenia family, inhabiting the mountains of 

Peru and Chili. They are mostly of a red-brown to black colour, 

but are of only minor importance to the European textile industry. 

It should be noted that the commercial product known as 

vicuna or vigogne is not obtained from the vicuna, but is a 

mixture of wool and cotton; further, that an artificial wool, or 

wool substitute, is met with in commerce under the name of 

alpaca. 
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These exotic wools are frequently infested with a micro¬ 

organism (.Bacillus anthracis), which produces the disease known 

as anthrax (wool-sorter’s disease) in man, and engenders a species 

of typhus in cattle and horses. Consequently the rooms where 

these wools are sorted should be well ventilated, and the sorters 

should wear respirators. 

Camel Wool.—On account of its strength and softness, camel 

wool has latterly been largely used for making bedcovers and 

winter clothing?. As it cannot be bleached, it is used either in 

the natural colour, or dyed dark brown or black. 

Cow Hair.—This fibre being cheap, and possessing a certain— 

though not considerable—amount of felting power, is now somewhat 

largely used in the manufacture of coarse blankets and bedcovers. 

Artificial Wool (Wool Substitutes). 

The first experiments on converting woollen rags into fibre 

suitable for spinning were made in England in 1845, the product 

being put on the market under the name of shoddy. This industry 

has increased to a very considerable extent, and, according to an old 

estimate made by G-rothe, about 33 per cent, of the total wool 

manufactured consists of wool substitutes; in fact, of all the 

samples of woollens examined by him, only 15 per cent, were free 

from such admixture. At the present time, the quantity of wool 

substitutes manufactured and used is far greater. Shoddy factories 

now exist in nearly every country in Europe, and it is therefore 

natural that all cheap woollen goods should contain wool sub¬ 

stitutes; in fact, many low-priced cloths consist of 70 per cent., 

and more, of such materials. On the other hand, they can only be 

used for the under wefts of worsted fabrics. 

There are several varieties of wool substitutes, the value of 

which stands in direct relation to the quality of the waste from 

which they are produced. The chief members of the series are the 

following:— 

Shoddy .—This is made of waste or rags from pure unmilled 

woollens, flannels, bedcovers, curtains, and also from knitted and 

twisted goods. The resulting fibres are about an inch long, and 

are sorted according to colour and fineness, vegetable fibres being 

eliminated by carbonising. 

Mungo is obtained from milled woollen rags, and being of much 

shorter staple than shoddy (J—f inch) is therefore of less value 

than the latter. 

Alpaca, or extract wool, is a long staple substitute from fine 

unmilled cloth waste, and generally contains a good deal of 
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vegetable fibres. The crux of the process, therefore, resides in 

the operation of carbonising. 

Thibet Wool substitute is recovered from light cloth waste. 

Cosmos Fibre.—This contains no sheep’s wool at all, being 

made of waste from flax, jute, and hemp fabrics; it also frequently 

. contains fragments of hopbine, nettle fibre, etc. Belgium and 

North America are the sole centres of production. 

In addition to the foregoing adjuncts, use is made in the 

woollen industry of the short fibre obtained as a waste product 

in the shearing or cropping of cloth. This material is milled in, 

to the extent of about 20 per cent., on the under side of cloth, the 

operation being known as “ impregnating.” It can be detected 

under the microscope by the shortness of the fibres and by their 

truncated ends. 

Testing Wool Substitutes.—In most cases all that is requisite 

is to determine the amount of cotton present; but in a complete 

analysis the percentage of water and fat (the latter being usually 

added to facilitate spinning) must also be determined, and a 

qualitative test made for silk. 

Water is ascertained by drying a 5—10 grm. sample at a little 

over 100° C. 

The fat is estimated by extracting a dried sample with petroleum 

ether. 

The percentage of cotton is found by digesting a fat-free sample 

—of at least 10 grms.—for a quarter of an hour at boiling tempera¬ 

ture in 8° B. caustic soda. This dissolves out the wool, leaving the 

cotton behind for weighing after filtration through a linen cloth, 

washing out all the alkali with boiling water, and drying. 

Silk, which is occasionally present, need only be tested for 

qualitatively. This should never be omitted, since, unlike cotton, 

silk is not removed by carbonising, but remains behind in the wool, 

and will, by reason of its different affinity for dye-stuffs, cause 

irregularities in dyeing. The test is performed as follows:—A 

sample of the substance is dyed with logwood, which stains only 

the wool, leaving the cotton and silk almost unaffected and easily 

recognised by their lighter shade. A sample is then examined for 

silk under the microscope. 

Examining Fabrics for the Presence of Wool Substitutes.— 
With this object, a few fibres are cut from the fabric by the aid of a 

sharp knife and placed under the microscope, whereupon the wool 

substitutes will be recognisable by their shape and colour. That 

the form of these fibres will be different from ordinary wool can be 

readily understood when it is remembered that, in addition to the 

tearing process they have to undergo (in the case of shoddy and 
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mungo, at least), the wool substitutes have been through the finish¬ 

ing process twice over. Hence these fibres exhibit ragged ends, 

owing to the loss of the scales, and they are frequently also partly 

broken in the middle. As, however, wool hairs attacked by mould 

also exhibit a similar appearance, care is necessary to prevent 

confusion. 

Variety of colour is the best indication of the presence of 

artificial wool, since, although the different colours are sorted out 

in the making, this cannot be done with perfect accuracy, and 

therefore the fibres of wool substitutes are usually many-coloured, 

unless, which rarely happens, the material is all white. Thus, in 

examining a red cloth, for example, if it be found to contain blue 

and green fibres as well, the presence of wool substitutes may be 

justifiably assumed. In the case of very dark coloured materials 

the colour should be first partly removed by boiling with a weak 

alkali or dilute acid before making the examination. 

Of course, in the case of coloured mixture fabrics, hairs of more 

than one colour (usually two or three) may be expected. To 
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prevent deception it is also advisable to examine the colour of 

the selvedge; blue cloths, for instance, generally have a yellow 

selvedge, and it may happen that a few hairs—almost invisible 

to the naked eye—from this selvedge will come off on to the cloth, 

which will then seem to contain yellow fibres in the microscope 

sample. In any event, the examination should not be confined to 

a single sample. 

Sometimes the presence of wool substitutes can be indirectly 

determined by a qualitative examination of the ash left by the material 

on combustion. Thus, if the sample have been dyed with a Ponceau 

dye, and chrome be found in the ash, the presence of artificial wool 

is indicated, since these dyes are never fixed with chrome salts, 

and therefore the latter must have been introduced in a wool 

substitute. 

Conditioning.—As already stated, silk, being an expensive and 

also hygroscopic substance, has to have its actual weight deter¬ 

mined when sold. This operation is performed in official institu¬ 

tions, known as “ conditioning houses,” the modus ojperandi being 

as follows:— 

The parcel of silk is first weighed, after which samples are 

drawn, to the extent of about 1500 grms., from different parts of 

the whole. The sample is divided into three parts, two of them 

being weighed to \ grm. and then placed in the apparatus shown 

in Fig. 14, where they are dried, until of constant weight, by a 

current of air heated to 110° C. If the resulting weights agree to 

within \ per cent., the average is taken, but when a greater differ¬ 

ence exists the third part of the sample is dried in the same way, 

and the mean of the three determinations is adopted. The standard 

commercial weight is found by adding 11 per cent, to the dry 

weight. In the case of mixed yarns of silk and wool the standard 

of permissible moisture is 16 per cent, of the dry weight of the 

material. 

Conditioning houses of this kind exist in London, Paris, Lyons, 

Vienna, Crefeld, Zurich, Basle, Turin, Milan, Verviers, etc. 

Latterly the custom has arisen of conditioning both wool and 

cotton as well as silk, the work being done in just the same manner. 

The officially permitted percentages of moisture are as follow:— 

For worsted and worsted yarn . . . . . .18^ per cent. 
For unwashed wool, woollen waste, combings, and carded 
yarn.17 „ 

For cotton and cotton yarns . . . . . . 8J „ 

4 



CHAPTER II 

WASHING, BLEACHING, AND CARBONISING 

Washing and Bleaching 

Broadly considered, any operation performed with the object of 

cleansing a textile fibre at any stage of manufacture or improvement 

may be included in this category; but, in their more restricted 

sense, washing and bleaching are terms confined to the cleansing of 

the textile fibres in their crude state in order to prepare them for 

the subsequent operations of dyeing, dressing, etc. Thus, in speak¬ 

ing of wool-washing, the first process of purification to which the 

wool is subjected before spinning is meant, and not the rinsing of 

dyed wool, for example. 

Corresponding operations are not always described by the same 

names in different branches of the textile industry; and, conversely, 

the same term is differently applied. Thus the term “ cotton 

bleaching’’ comprises the entire set of operations employed to free 

the cellulose from all natural and other impurities, whereas, in the 

case of silk and wool, the term “ bleaching ” implies only the more 

restricted sense of the word, being confined to the operations effect¬ 

ing the actual decoloration of the fibre. Again, the first cleansing 

process applied to raw silk is not called “ washing,” as in the case 

of wool, but is termed “ scouring,” or “ removing the bast.” 

The means or reagents employed for cleansing the fibres also 

differ considerably, according to the nature of the fibres in question, 

the stage of manufacture, and the nature of the impurities to be 

removed. For instance, one would not attempt to cleanse animal 

fibres with caustic alkalis, and raw fibre must be cleansed in a 

different manner to that employed for the same fibre when dyed. 

Thus, raw silk is freed from sericin by washing with soap and soda, 

whereas dyed silk is merely rinsed with water alone, if at all. 

Raw wool is also washed with soap and soda; the same 

materials are likewise used, though in a different way, to free the 

yarn from the oil applied in the spinning process, whilst the dyed 

pieces are merely rinsed with water or cleansed with soap or 

fuller’s earth. Raw cotton is freed from natural impurities by 
50 
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energetic treatment with caustic alkalis, soda, alkaline earths, etc., 

sometimes also with acids to remove size. When dyed, however, 

it is mostly washed with water alone, whilst printed goods are 

treated with soap, malt, etc. 

The present chapter deals solely with the purification of the 

raw fibres in their undyed state, the various washings subsequent 

to dyeing and printing being postponed to a more suitable part of 

the book. 

The reagents employed may be divided into two classes— 

detergents and bleaching agents — the former comprising water, 

soda lye, ammonia, sodium carbonate, ammonium carbonate, quick¬ 

lime, magnesia, hydrochloric acid, sulphuric acid, soap, resin lyes, 

benzine, oil of turpentine, etc. 

The author takes it for granted that the reader is acquainted 

with the properties and examination of these materials, and will 

therefore confine himself to dealing with water, and that, too, 

merely from a textile point of view. 

Water plays an important part, not only in washing and bleaching, 

but also in the operations of dyeing and printing fabrics. Of the 

various substances that may be present in water, the following 

alone are of interest to us, viz.— 

1. Solid matters in suspension; 

2. Salts of lime and magnesia, which produce “hardness”; 

3. Other less common impurities, such as iron, humus acids, 

alkali carbonates, and sulphuretted hydrogen. 

Turbid water containing matters in suspension must be clarified 

before use, by filtration or settling. Another method of clarifying 

impure water is to boil it with bran and skim off the frothy scum. 

From the washer’s and dyer’s point of view, the most important 

defect in water is hardness, since hard water is unsuitable for either 

washing or dyeing. If such water be used for, say, washing textile 

fibres, the lime and magnesia present will be thrown down as 

insoluble soaps of these metals, and thus, not only is there a 

considerable waste of soap, but the precipitated compounds adhere 

to the fibre and are liable to cause spotting. Therefore, to render 

hard water fit for use, it must first be treated with soda, to throw 

down a large portion of the alkaline earths. A more economical 

plan, however, especially when the water is to be used for scouring 

silk, is to first throw down the bicarbonates of lime and magnesia 

by simple boiling, and then add the soda. In this manner a saving 

of soda is effected and the water is more effectually softened than 

by the first-named method. 

For dyeing, only the so-called temporary hardness of water 

produced by the bicarbonates of lime and magnesia is injurious, 



52 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

except where the dyeing of silk in a bast soap bath is in question, 

in which event the soap may also precipitate the lime and magnesia 

compounds, producing permanent hardness. 

Temporary hardness may cause the precipitation of basic 

dye-stuffs and mordant dyes, the colour base being thrown down 

in the first case, and the lime or magnesia salt of the dye-stuff 

in the other; i.e. with basic dyes the alkaline earth carbonates 

act by the alkaline reaction they impart to the dye bath, and 

in the other case by the formation of insoluble salts. In either 

event the use of hard water is attended with a loss of dye; 

this is specially noticeable in the case of dyeing with logwood 

and various alizarine dyes. 

Hardness in the water does not matter when acid dyes are 

used, or in mordanting wool, since in these cases acid baths are 

used; only when mordanting with cream of tartar does the water 

require to be corrected beforehand, since otherwise a portion of 

the tartar would be precipitated as calcium tartrate and lost. 

Ho harm is caused by hard water in mordanting cotton and 

silk; in fact, hard water is preferable to soft for fixing the 

mordant on silk. 

In order to fit hard water for dyeing, it is “ corrected ” by 

neutralising the contained carbonates with an acid, the amount 

required being ascertained by titrating a small sample—about 2 

litres—in a porcelain basin, with decinormal hydrochloric acid, 

using methyl orange as indicator. In practice, the acids used 

are acetic acid or sulphuric acid; oxalic acid cannot be recom¬ 

mended, since, though it precipitates all the salts of lime and 

magnesia in an almost complete manner, the pulverulent oxalates 

are liable to be deposited on the fibre, and are then difficult to 

wash off. 

It should be an invariable rule to use none but corrected 

water for dyeing, though when an acid dye bath is employed 

the correction of the water is effected at the same time as the 

acidification of the bath. 

When the water has been corrected no precipitation of the 

dye-stuff will ensue from the alkaline earths, these being now 

in the state of acetates or sulphates, of a more strongly acid 

character than the mordant dye-stuffs themselves. 

Water containing iron or sulphuretted hydrogen cannot be 

used for dyeing except under special circumstances; and ferruginous 

water is altogether unsuitable for bleaching. Water of this kind 

has a deadening effect on many bright colours, such as alizarine 

red, cochineal scarlet, etc. 

Water containing sulphuretted hydrogen may exert an injurious 
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influence when used in mordanting with metallic oxides which 

give insoluble coloured sulphides. 

Water exhibiting an acid or alkaline reaction, from the presence 

of humus acids or alkaline carbonates respectively, can be fitted 

for use by careful neutralisation. 

Purifying Waste Water from Dyeing and Bleaching Works. 
—This is too wide a subject to be exhaustively dealt with here, though 

a brief mention cannot be omitted. The best method to adopt 

in dyeworks is to run all the various bath liquors into a large 

collecting tank. Here the different mordants and dyes precipitate 

each other, the reaction being completed by an addition of lime. 

Ferrous sulphate may also be used for the same purpose in virtue 

of its precipitating and reducing action. 

For decolorising purposes, an addition of aluminium hypo¬ 

chlorite—a clarified mixture of alum and bleaching powder—is 

advisable, any excess of this reagent being rendered innocuous by 

adding ferrous sulphate. 

Bleaching Agents. 

By the term bleaching we understand destruction of colour, 

in the present case the natural yellow-brown colour of the textile 

fibres in their crude state. 

The requirements exacted of bleaching agents in practice are 

threefold—(1) they must really bleach, i.e. convert the yellow 

colour of the crude fibre into a pure white; (2) they must not 

corrode the fibre ; and (3) they must be cheap. 

Only two chief bleaching agents are known, and these at 

the same time may serve to represent the two groups into which 

these agents are divided: the first is oxygen, the other sulphurous 

acid. In the former case the bleaching effect is the result of a 

destruction of the colouring matter by oxidation; but in the 

second group the process cannot be expressed by a single word, 

and, moreover, has not yet been fully elucidated. However, to 

distinguish these bleaching agents from the others, they may be 

termed reducing agents. 

Finally, there are various other substances which impart a 

bluish white tinge to textile fibres; these, however, are not 

bleaching agents but colorants, their action being to mask the 

natural yellow colour of the fibre. Their description will therefore 

be postponed. 

(a) The Oxidising Bleaching Agents.—This class includes 

oxygen itself, ozone, chlorine, bromine, hypochlorites, peroxides, 

chromic acid in the form of potassium bichromate, permanganic acid 
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as potassium permanganate, and potassium ferricyanide. Whichever 

of these substances be employed, their action is invariably attribut¬ 

able to nascent oxygen. 

Chlorine acts only in the presence of water, perfectly dry 

chlorine having no bleaching action. The reaction is based on 

the decomposition of water and liberation of oxygen— 

Cl2 + H20 = 2HC1 + 0. 

Bromine acts in a similar manner. 

The hypochlorites act by the decomposition of the liberated 

hypochlorous acid into hydrochloric acid and oxygen— 

HC10 = HC1 + 0, 

whence it follows that the activity of these salts can be increased 

by an acid setting the hypochlorous acid at liberty. 

The peroxides, and also potassium bichromate and potassium 

permanganate, when brought into contact with readily oxidisable 

bodies, undergo decomposition and liberate oxygen, which then acts 

as a bleach— 

H902 = H20 + 0 j Ba02 = BaO 4- 0, etc. 
K2Cr207 = K20 + Cf^03 + 08. 
K2Mn208 = K20 + 2MnO + 50. 

All these bleaching agents act more energetically than oxygen 

itself, because the oxygen they liberate is in the nascent state. 

In all cases the presence of water or moisture is indispensable for 

the performance of the bleaching, reaction, perfectly dry oxygen 

having no oxidising power. 

Atmospheric Oxygen and Ozone.—The oxygen of the air is 

the oldest bleaching agent known, and is the active ingredient in 

the process of grass bleaching, which was formerly employed for 

cotton and linen, but is now almost entirely confined to the latter 

class of goods. Whether in this process the oxygen acts partly in 

the condition of ozone has not been definitely ascertained. 

The decolorising or discharging of dyed colours is also nothing 

else than a process of oxygen bleaching. 

In recent patented processes by Siemens and Halske, atmos¬ 

pheric oxygen is ozonised by an electric current, and in this form is 

used for bleaching fibres, principally linen. The operation is per¬ 

formed in a closed illuminated glass chamber, and is claimed to occupy 

only one-third the time consumed in the ordinary grass bleach. 

Some oils possess the property of absorbing atmospheric oxygen 

and, under the influence of light, converting it into ozone. Oil of 

turpentine is one of these, and, in addition, exercises a cleansing 

effect on textiles, especially in presence of water and an alkali; in 

fact, a mixture of ozonised turpentine and alkali has been recom- 
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mended as a bleaching agent by Depierre and Georgievics. The 

new product “ ozonin ” is prepared by allowing light to act for 

three days or so on a mixture of resin, turpentine, alkali, and 

hydrogen peroxide. It is claimed to bleach well even when 

diluted to 1 part per mil. 

Chlorine was formerly used for bleaching cotton, but the 

method never attained any practical importance. Latterly, this 

reagent has again been advocated by several, Breinl and Karrer 

having recommended it for bleaching cotton on the bobbin, and 

Leykham of Josefsthal for jute. The Brin’s Oxygen Company 

employs a mixture of chlorine and oxygen for bleaching. Finally, 

it may be mentioned that proposals have been made to intensify 

the bleaching action of chlorine by the influence of the electric 

current as applied to oxygen by the Siemens and Halske method. 

Bromine has been recommended for bleaching Tussah silk, the 

excess of reagent being afterwards removed by the aid of a sulphite, 

which, in turn, is eliminated by an acid bath. 

Bleaching powder, or “ chloride of lime,” is one of the oldest 

and most important of the bleaching agents. When dissolved in 

water, it has the normal composition of a hypochlorite, corresponding 

to the formula Ca(C10)2. In the solid state it is credited with the 

formula CaS?^ 
Cl. 

Bleaching powder is the main bleaching agent used for all the 

vegetable textile fibres except jute; but, like chlorine or other 

hypochlorites, is unsuitable for animal fibres. It must be stored 

in well-closed vessels, in a cool place, since otherwise it undergoes 

rapid decomposition. 

Particular care is necessary in dissolving this reagent in water, 

it being essential to avoid heat, or decomposition will ensue. The 

solution should be perfectly clear and free from particles in sus¬ 

pension, since these would be deposited on the fibre to be bleached 

and produce “ super oxidation,” i.e. not only destroy the colouring 

matter of the fibre, but convert the cellulose into oxycellulose. As 

the latter has a greater affinity than the former for dye-stuffs, the 

result would be to form dark spots impossible to eliminate. In 

cotton-printing these oxycellulose spots turn brown when steamed, 

and the fibre exhibits more or less corrosion. If bleaching powder 

be treated with too much water at first it forms lumps that cannot 

be afterwards reduced. Consequently the powder, after being 

passed through a crushing mill, is first carefully mixed to a paste 

with a small quantity of water, and then treated with enough 

water to form the solution. It is advisable to use two stone tanks 

for this operation, the solution being prepared in the one and 
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poured, when clear, into the second, where it is reduced to the 

proper strength. The common practice of recording the strength 

of bleaching powder solutions in degrees of the Beaume hydrometer 

is irrational, since whilst the useless substances present, such as 

calcium hydroxide, calcium chloride, etc., increase the density of the 

solution, the active free chlorine has the contrary effect. Hence 

the density is no criterion at all of the real strength of the solution. 

In fact, this can only be ascertained by chemical means, e.g. titration 

with potassium iodide, sodium hyposulphite, and starch paste. The 

proper strength of solution to use for bleaching depends mainly on 

the nature of the fibres under treatment, their capacity for resisting 

the action of bleaching powder varying. Cotton is the least sus¬ 

ceptible of all; nevertheless care is required even in this case. The 

“ chemicking,” as the bleaching with chloride of lime is called, is 

the most risky operation of the whole bleaching process, because 

here the corrosion of the fibre is most likely to occur. In practice 

the strength of solution used varies from 0*2° to 2J° B. 

When a fibrous material impregnated with dissolved bleaching 

powder is exposed to the air the bleaching effect is increased in 

comparison with the action produced when the same is merely left 

immersed in the liquid, the reason for this being that the hypo- 

chlorous acid is liberated by the carbon dioxide in the air. Fabrics 

impregnated with such a solution must not be exposed to direct 

sunlight, or the oxidising action of the bleach will be so strong as 

to corrode the fibre and reduce its strength. 

Moreover, it must be remembered that simple washing with 

water is insufficient to entirely remove the bleaching powder 

solution from the fibre, and consequently the material must be 

afterwards soured in an acid bath, or, in the case of household 

linens, treated with an “ antichlor,” since otherwise the fibre wfill 

be more or less weakened in course of time. 

Finally, bleaching powder can be used in the manufacture of 

other hypochlorites; aluminium hypochlorite, for example, being 

prepared by treating bleaching powder solution with alum. 

Sodium Hypochlorite. — This compound is prepared for 

bleaching purposes by acting on bleaching powder with sodium 

carbonate— 
Ca(C10)2 + Na2C03 = 22sTaC10 + CaC03. 

This salt is gentler in its action than the lime compound, 

probably because the latter—owing to the less ready solubility of 

calcium carbonate—is more easily decomposed by atmospheric 

carbon dioxide, and the liberated hypochlorous acid comes into 

action more energetically than in the case of sodium hypochlorite. 

For this reason no weakening of the fibre occurs in bleaching with 
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the sodium salt, though almost inevitable when bleaching powder is 
used. Another advantage of the former is that the acid bath, after 
bleaching, is dispensed with, the reagent being easily removed by a 
simple rinsing in water. 

Again, the bleaching process goes on better by simple immer¬ 
sion in the sodium hypochlorite solution than in the usual method 
practised when bleaching powder is used. Not only does sodium 
hypochlorite form the most important bleaching agent for jute, but 
its use for cottons has grown more and more in favour of late—an 
extension that may be expected to continue to the entire suppres¬ 
sion of bleaching powder, owing to the ease with which the sodium 
salt can be prepared by electrolytic methods, the product being 
cheaper (provided motive power be available at a reasonable cost) 
and always obtainable of constant strength. 

Of the various methods for preparing “ electrolytic chlorine,” 
only the process of Dr. Kellner will be described here. This 
inventor produces a cheap bleach by the aid of his special brush 
electrodes, which consist of a number of ebonite plates, fitted in a 
special manner with brush-like wires of platinum, which at the two 
end plates are connected to two common contacts leading to the pole 
of a dynamo. The apparatus is enclosed in a prismatic box of ebonite, 
the lower part of which is shaped like a hopper and is fitted with 
the inlets for admitting the sodium chloride to be decomposed. 
The solution of the latter ascends between the several plates, 
forming the electrodes, and is split up into sodium and chlorine, 
the former acting on the water, and forming sodium hydroxide 
(caustic soda), with liberation of hydrogen, and then combining 
with the free chlorine to form sodium hypochlorite. There also 
occur certain subsidiary reactions, of both an oxidising and a 
reducing character, chiefly concerned with the formation of a 
chlorate and the re-decomposition of hypochlorite to chloride. 

In consequence of the chemical reaction produced, the solution 
issuing from the lateral outlets of the apparatus, and already con¬ 
taining active chlorine, has sustained an increase of temperature, 
and must, in order to prevent decomposition, be passed through a 
cooling coil to restore it to the original temperature, whereupon it 
is returned to the electrolyser. This process is repeated until the 
solution contains 1 per cent, of active chlorine, at which stage it is 
ready for use in bleaching. 

Ammonium hypochlorite has been proposed for bleaching Tussah 
silk; and aluminium hypochlorite and magnesium hypochlorite have 
also been recommended as bleaching agents. 

Hydrogen peroxide is the best bleaching agent, and can be 
recommended for all kinds of fibre, as well as for removing stains, 
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and for bleaching the hair. It possesses the great advantage over 

all its competitors, that it does not attack the fibre in any way; 

but it is too expensive for general use. Up to the present its chief 

application has been in the bleaching of wool, and here it exhibits 

the decided advantage of producing permanent decoloration, which 

was hitherto unattainable by the use of sulphur. Nevertheless, 

hydrogen peroxide alone is incapable of furnishing a perfectly pure 

white. 

Hydrogen peroxide is met with in commerce as an aqueous 

solution, containing 1*5 per cent, of active oxygen, the solution 

being of 12 per cent, (vol.) strength. It is rather unstable, and 

must therefore be stored in the dark; an addition of glycerine, 

however, is said to increase its stability. The strength of the 

solution is ascertained by titration with potassium permanganate, or 

with potassium iodide and sodium hypochlorite. It should be as 

pure as possible, since impurities like alumina, baryta, magnesia, 

etc., may exert a catalytic decomposing action. For this reason it 

cannot be stored in metallic vessels. 

Alkaline solutions of this reagent are particularly unstable, and 

consequently these alone are employed in bleaching, the oxidising 

action being otherwise too slow. The modus operandi is as 

follows:—The commercial solution of peroxide is diluted with two 

to ten volumes of water, and, before use, receives an addition of 20 

gratis, of ammonia per litre (of peroxide). The strength depends on 

the nature of the material under treatment, the concentration being 

the greater in proportion as the latter is the more difficult to bleach. 

According to Prudhomme and Koechlin, an addition of magnesia, 

instead of ammonia, to the bleaching bath, is very favourable, 

because in such case heat may be applied owing to the formation 

of magnesium peroxide, which is difficult to decompose. The 

material to be bleached is either left in the liquid for about ten 

hours, or is merely impregnated therewith, the excess being wrung 

out, and the stuff left exposed to the air for some time. This 

treatment is repeated as often as necessary. 

The following method has of late been largely used for bleach¬ 

ing woollens, especially for mousselines that are to be afterwards 

printed:—The suitably cleaned goods are entered, full width, in a 

bath of hydrogen peroxide (diluted with two to ten parts of water, 

and containing an addition of ammonia), after leaving which it is 

rolled on a wooden roller and left for twenty-four hours, covered 

up with damp nettles. It is next washed, passed through a bath 

of 85° B. (diluted with two to ten times its volume of water, 

according to requirements, as determined by experiment for each 

class of material), then rolled up and left as long as before. On 
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unrolling the fabric, it is dried, passed through a weak acid bath 

(1° B. hydrochloric acid), and finally washed. This method 

furnishes an excellent white. 

Attention must once more be drawn to the fact that solutions 

of hydrogen peroxide undergo decomposition when brought into 

contact with metallic vessels, and that such must therefore be 

avoided when this bleaching agent is used. If the goods are to be 

drained in the hydro-extractor, that vessel must therefore be lined 

with some material to prevent contact and the resultant spotting. 

Some years ago H. Koechlin devised a process for bleaching 

cotton with hydrogen peroxide. 

Sodium Peroxide.—This, the newest bleaching agent, is manu¬ 

factured by the Aluminium Company, of London, and is prepared 

by passing air—freed from carbon dioxide—at a temperature of 

300° C. over metallic sodium contained in aluminium vessels. 

The commercial product contains 20 per cent, of active oxygen, 

and is only recommended for bleaching animal fibres. Some pre¬ 

caution is necessary in its application, since it hisses and disengages 

considerable heat when dissolved in water; and if brought suddenly 

into contact with a large quantity of that liquid is liable to pro¬ 

duce an explosion. 

The best method of procedure is as follows:—The sodium 

peroxide is added by degrees, and with constant stirring, to the 

requisite quantity of w7ater, and is then treated with sufficient 

sulphuric acid to neutralise the bath, which condition may be 

ascertained by the aid of litmus paper. This neutralisation is 

necessary to prevent corrosion of the animal fibre by the strongly 

alkaline sodium peroxide. Finally, the warmed bath receives an 

addition of 1 to 2 lb. of a 45° B. solution of sodium silicate to 

each pound of peroxide. 

The bath temperature and the duration of bleaching depend on 

the material. Silk should be bleached at 85—100° C.; wool at 

50-60° C., in one and a half to three hours, or even longer. The 

concentration of the bath liquor must be ascertained by experiment; 

though, for wool and silk, an average of 10 to 15 per cent, of 

peroxide, calculated on the weight of the material, may be used; 

and for Tussah silk, 20 to 30 per cent. 

Barium peroxide serves for bleaching Tussah silk, and was also 

recommended by Mullerus for bleaching cotton. In using this 

substance, however, the fact that it contains barium hydroxide—a 

strong alkali capable of corroding animal fibres—must not be 

forgotten; and it should therefore be washed with water before 

use. The commercial product contains 8 per cent, of active 

oxygen. 
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Potassium Permanganate.—This substance is a very powerful 

oxidising agent, and is frequently used for this purpose in the 

laboratory. It must be kept in closed vessels, away from the light, 

and its solutions are readily decomposed. 

Bleachers make use of this salt for treating wool, jute, straw, 

leather, etc., the mode of application being as follows:—The 

material to be bleached is first treated with a dilute solution of 

lukewarm permanganate, until the colour turns to brown (formation 

of potassium manganate). In bleaching animal fibres this solution 

receives' an addition of magnesium sulphate, which, by forming 

magnesium hydroxide (insoluble) and potassium sulphate, prevents 

the corrosion of the fibre otherwise resulting from the formation 

of caustic potash. To remove the brown coloration the material is 

next treated with a cold dilute solution of bisulphite, or a similar 

solution of sulphurous acid and borax (prepared by saturating 

dissolved borax with sulphur dioxide), and finally washing in slightly 

acid water, followed by pure water. 

Owing to its cheapness this method is largely used for woollens, 

but far less frequently than the sulphur process described below 

The permanganate method is very serviceable where stained woollen 

goods are to be treated with a view to render them fit for sale, if 

only as inferior goods. It is also useful in bleachiug jute, and is 

actually employed for that purpose. 

Potassium Bichromate, in conjunction with sulphuric acid, has 

a very powerful oxidising effect, and is used for bleaching oils, 

straw, etc., though not for textile fibres. It has been recommended 

for jute, but is unsuitable, as it attacks the fibre. 

Owing to its property of destroying the colour of indigo, it is 

used as a discharge in blue printing (q.v.). 

Potassium Ferricyanide has been proposed by Kassner as a 

bleach for textiles, and, as a matter of fact, its bleaching action 

is very powerful in alkaline solutions, potassium ferrocyanide being 

formed. Nevertheless, the only use made of this property at present 

is in discharging indigo. 

(b) The Reducing Bleaching Agents.—This class comprises 

free sulphurous acid, bisulphite, and hyposulphurous acid. 

The bleaching action of these substances is not yet fully eluci¬ 

dated, but is assumed to consist in a reduction of the pigmentary 

matter to its leuco compound, and in the combination of this latter 

to form a colourless substance. This hypothesis is apparently 

favoured by the fact that animal substances bleached with sul¬ 

phurous acid have a tendency to revert to a yellow shade, especially 

after being treated with alkalis, thus showing that the colour was 

not really destroyed in the first place, but converted into a colour- 



BLEACHING AGENTS 61 

less compound, which in time has become decomposed and allowed 

the original colour to reappear. 

This phenomenon is most clearly shown in the case of goods 

that have been bleached with free sulphurous acid. In addition 

to animal fibres, jute is often bleached by this class of reagent. 

Sulphurous Acid is used in three forms—Las a gas, an aqueous 

solution, and as liquid sulphurous acid. The gaseous form is the 

one most in use, whilst the aqueous solution is the least adapted 

for bleaching, being always contaminated with sulphuric acid ; the 

liquid (condensed) form is almost entirely free from this impurity, 

and has been successfully employed in bleaching. 

Wool and silk are generally bleached with gaseous sulphurous 

acid in so-called “ sulphur chambers,” which are spacious brickwork 

chambers, fitted with peep-holes for inspecting the goods, the latter 

being hung on supports inside. The sulphur is placed in iron pots, 

or in sunken brick pans, which can be fed from the outside. To 

begin bleaching, the sulphur is ignited, the doors, etc., are closed, 

and the goods left exposed to the sulphurous fumes. 

The quantity of sulphur used must bear a certain proportion to 

the size of the chamber, in order that a sufficient supply of oxygen 

for the combustion of the sulphur may be available. The volume 

of oxygen at disposal for this purpose can be readily calculated 

from the cubical capacity of the chamber, and a considerable 

margin in excess of the actual requirements must be allowed for 

in practice. Should the oxygen be insufficient for complete com¬ 

bustion, the sulphur ceases to burn, and sublimation readily ensues, 

with the result that the goods get stained with yellow patches 

that cannot be afterwards eliminated. To prevent this evil the 

wooden grid over the sulphur pans should be covered with lead 

and felt. 

The average consumption of sulphur required to bleach woollens 

is 6 to 8 per cent., or for silk 5 per cent., of the weight of material 

treated. The operation generally takes six to eight hours, but must 

be repeated three or four times, according to requirements. 

To prevent condensation and the consequent spotting of the 

goods by droppings, a number of heating-plates or steam-pipes are 

arranged under the ceiling of the chamber, and a chimney with a 

good draught is provided for carrying off the sulphur fumes after 

the bleaching is finished. 

The sulphur chamber should be entirely free from iron fittings, 

since the sulphur trioxide invariably produced when sulphur is 

burned unites with the moisture present, thus forming sulphuric 

acid, which would rust the iron. 

Like all other bleaching agents, sulphurous acid requires the 
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presence of water in order that the reaction may occur at all; 

consequently the goods must be introduced in a damp state into 

the chamber. 

Light goods, especially those for printing, are bleached by the 

continuous process, the apparatus used being of the same type as 

the first steamer employed in calico-printing. In large works two 

sets of apparatus are mounted side by side; the goods are entered 

damp and are carried onward over rollers fitted with hardened lead 

pins. The passage through the chamber occupies ten minutes; 

and light goods are put through twice, heavy articles three 

times. 

In addition to the more serious defect of the sulphur bleaching 

process, viz. yellowing, it is also attended with the following dis¬ 

advantages :—The sulphuric acid, always formed, retards the bleach¬ 

ing action of the sulphurous acid, and may also be a source of 

danger to cotton in mixed fabrics; and the process makes the 

wool harsh, though this can be remedied by a treatment with 

warm soap and water afterwards. Nevertheless, owing to its 

cheapness and the beautiful white it produces, the sulphur method 

is still the one most largely used in bleaching animal fibres, j 

Sodium Bisulphite (NaIIS03) is more generally used for bleach¬ 

ing on a small scale. There are two methods of procedure—either 

the goods are immersed in a solution of the bisulphite and hydro¬ 

chloric acid, or else they are treated with the bisulphite first and 

the acid after. The first is the one most practised, and, as a 

matter of fact, is equivalent to bleaching with an aqueous solution 

of sulphurous acid. The goods are left to soak for several hours 

in a weak solution of bisulphite, containing a corresponding 

quantity of hydrochloric acid, and are then washed, the process 

being repeated if necessary. When the bisulphite and acid are 

used separately, the goods are steeped for some time, e.g. overnight, 

in a fairly strong (about 20° B.) solution of bisulphite, after which 

they are passed through very dilute hydrochloric acid, and are 

finally washed with water. 

Hyposulphurous Acid.—This compound, which was first recom¬ 

mended for bleaching by Kallab, can be used in the same way as 

bisulphite, except that acetic acid replaces hydrochloric acid in 

acidifying the bath. 

In this case the goods may be blued at the same time as they 

are bleached, for which purpose they are immersed in water con¬ 

taining indigo in suspension, and are then transferred to the 

bleaching bath. After remaining in the latter for several hours, 

they are exposed to the air for a short time, and then washed 

with a weak solution of soda, followed with pure water. 
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Further particulars on the production of the hyposulphites will 

be given in the section on indigo-dyeing. 

Cotton-Bleaching. 

In the bleaching of cotton goods, the first question arising is 

the class of impurities present, and to what extent these are to be 

eradicated. In addition to the natural impurities, those artificially 

introduced—in the dressing process, for example—have also to be 

considered. A piece of cotton fabric coming direct from the loom 

will always be cleaner and differently bleached than one that has 

been used as a backing in calico-printing, and therefore contains 

mordants, dye-stuff's, etc., besides the natural impurities of the 

fibre. Again, goods that are to be dyed in dark shades will require 

different treatment to those intended for pink, light blue, or white. 

Finally, there arises the question whether the bleached material 

shall merely appear to be clean and white, or shall really be so. 

In the former event, the actual bleaching process may be dis¬ 

pensed with, the suitably prepared goods being blued, to mask the 

yellow colour of the raw cotton and turn the same into a fine, 

slightly bluish white. On the other hand, cottons to be afterwards 

printed must be bleached and cleaned in the most thorough manner 

possible, any residual impurities preventing the production of a 

first-class printed article.' 

Another point that must be borne in mind in carrying out the 

various manipulations the goods have to undergo is the nature of 

the fabrics themselves. For example, curtains, lace goods, and 

similar light fabrics must not be subjected to any tension or rigid 

pressure in the machines, and for this reason they must be handled 

tenderly, boiled as little as possible, washed loose, drained by 

squeezing between rubber rollers in the wringer, and so on. This 

also applies to raised goods, in which materials the lay of the nap 

has likewise to be considered, i.e. the goods must always pass 

through the machines in one direction, that of the pile, and never 

the other way about. In bleaching these goods, the operation of 

liming may be omitted, the lime having a hardening effect on the 

fibre, and impeding the subsequent operation of raising. 

Formerly the bleaching of cotton was performed in such a 

manner that the goods, after a treatment with potash lye (from 

wood ashes) were decolorised by the action of atmospheric oxygen 

(“ grass bleaching ”), these two operations being several times 

repeated, and supplemented by a process of souring by immersion 

in sour milk. The bleaching process, under these conditions, lasted 

one and a half to three months in the case of cotton, and twice as 

long for linen goods. 
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This primitive method contained the germ of the modern 

processes of bleaching, all of which, however highly developed, 

comprise the three main operations of treatment with alkaline 

reagents (the so-called “ bowking ”), the actual bleach, and the 

employment of acids. 

The substances to be removed from the fibre by bleaching are 

the natural and the adventitious impurities, the former comprising 

incrustating substances, fat, wax, yellow pigment, etc.; whilst the 

others include the dressing materials applied to impart greater 

stiffness to the fibre, and so facilitate the operations of spinning 

and weaving—these are mostly mineral substances—and also mor¬ 

dants, dye-stuffs, etc., in the case of piece goods that have been used 

as backing in calico-printing. 

It was quickly recognised that the first-named substances 

could be got rid of by boiling with alkaline reagents, and that 

the pigmentary matter of the raw cotton could be destroyed by 

means of bleaching powder, provided the greater portion of the 

mineral impurities had been previously removed. Consequently 

dressed cottons are either first steeped for some time in water, 

or, preferably, freed from the dressing by treatment with 

acids. 

By boiling with lime the organic impurities can be converted 

into compounds that can then be readily dissolved and removed by 

boiling with soda and resin soap, the action of lime therefore 

being merely preparatory, and not actually one of cleansing: as a 

matter of fact, the goods are far darker in colour after liming than 

they were at first. The chemistry of this operation is still 

involved in some obscurity; probably the lime decomposes the 

pre-existing fats to form a lime soap, and converts the other organic 

matters into saccharine compounds or aldehydes, this view being- 

countenanced by the discovery of Thies, who found that cotton 

treated with alkaline earth acquired strongly reducing properties. 

The acidifying (“ souring ”) process after liming certainly decom¬ 

poses the organic lime compounds, and enables the liberated fatty 

acids and other organic bodies to be brought into solution by the 

subsequent boiling with soda and resin lyes. At this stage the 

goods are already almost perfectly clean, and their faint yellow 

colour can now be destroyed by a treatment with bleaching powder, 

the latter being then eliminated by the aid of an acid bath, followed 

by washing with water. 

The foregoing is a brief sketch of the modern bleaching 

process, which therefore consists of the following operations:—(1) 

Boiling with lime; (2) souring; (3) boiling with soda and resin 

soap ; (4) bleaching with chloride of lime; (5) souring.. 
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That each of the operations is succeeded by a rinsing in water, 

goes without saying. 

Latterly it has been found that the operations of boiling with 

lime and soda-resin soap can be advantageously replaced by boiling 

with soda lye. Many difficulties were, however, encountered in 

introducing this alteration. In the first place, the lye must be 

weak, because strong lye mercerises and also weakens the fibre. 

Koechlin proposed to aid the action of weak alkali by steaming the 

steeped goods, but this method damaged the fibre, and the proposal 

was therefore devoid of practical value. 

Nevertheless, it is possible to cleanse cotton in an excellent 

manner, without the slightest injury, by the use of strong soda 

lye. The credit of uniting the various factors here concerned into a 

technically practicable method belongs to H. Thies and E. Herbig, 

who found that impregnation with alkaline earths protected the 

cotton from mercerisation during subsequent boiling with strong 

soda lye, provided the treatment were performed in the absence of 

air, both in the kier and in the material. 

The cleansing action of strong lye is so complete that the 

Thies-Herbig process must be characterised as the most important 

improvement made in the bleaching of cottons. Its value is 

further increased by the fact that it is also applicable to other kinds 

of vegetable fibres. 

In connection with modifications of the bowking process, it 

may be mentioned a sulphide is employed in France, and that the 

commercial product sold as “ sel de soude antiseptique ” seems to be 

a preparation of this kind. 

The proposal to add benzine and other detergent substances 

to the bowking liquor has not yet been adopted in practice. 

The actual operation of bleaching has not suffered any im¬ 

portant alterations, notwithstanding the numerous proposals made 

from time to time; and, for the most part, bleaching powder con¬ 

tinues to be used, the method of application being that already 

described. It is, however, in many cases replaced with advantage 

by a purer form of sodium hypochlorite. 

To turn now to the details of the bleaching process, it may be 

premised that cotton is bleached, almost exclusively, in the condi¬ 

tion of yarn or cloth, the only exceptions being the bleaching of 

loose cotton for surgical wadding and jewellers’ wadding—the last 

named being usually dyed some delicate shade. The boilings 

necessary in bleaching would result in the entanglement and balling 

of the fibres if applied to the loose material, and the operation is 

therefore performed in the following manner :—The material is 

first cleansed by a short boiling in a weak alkali, e.g. a 3 per cent. 

5 
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solution of sodium silicate (water glass), and then bleached, if 

necessary, with hydrogen peroxide. When required for medicinal 

purposes, the cotton must be very slightly moistened with water, 

an object attained by very gradually drying the bleached material. 

Bleaching Cotton Piece Goods. 

The preparatory operations in this process consist of marking, 

sewing, gassing, and raising. Each piece is marked with a number, 

etc., so that it can be recognised after bleaching, the marking colour 

—generally coal-tar—being of a kind capable of resisting the 

bleaching agents used. 

Then the pieces are 

sewn together, end to 

end, so as to make 

the entire batch of 

goods into one long 

piece or band. Next 

follows gassing, the 

object of which is to 

singe off the nap 

fibres standing up 

above the surface, 

since these would 

otherwise give the 

bleached material a 

woolly appearance, 

and also cause incon¬ 

venience in printing. 

The pieces may be gassed one or more times, and on either or both 

sides, by passing them rapidly over red-hot plates or cylinders, or 

over a row of non-illuminating gas flames. 

In the case of plates, there is a difficulty in keeping them at 

uniform temperature throughout, owing to the cooling action of the 

cloth. This inconvenience is reduced in the cylinder machines, but 

the naked flame method is the best, especially for light goods. 

Occasionally, as in the case of flannels, mollinos, etc., the goods 

are raised before bleaching; this is generally confined to the under¬ 

side of the fabric though sometimes both sides are raised. 

Full Bleach with Lime and Resin Soap for Piece Goods. 
(100 Pieces of 65 yards.) 

1. Steeping.—The goods are steeped in water for twelve 

hours, or even longer; this softens the dressing and other impurities 
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present, and facilitates their solution afterwards. This preliminary 

steeping is, however, frequently omitted, especially when the goods 

are fairly clean already. On the other hand, if the pieces contain 

much dressing, or have been used in calico-printing—in which 

event they will generally be strongly contaminated with alumina 

—they will need steeping for some time in a weak solution of 

hydrochloric acid or sulphuric acid. 

2. Lime Boiling.—A milk of lime is prepared by mixing about 

\ cwt. of quicklime with 100 gallons of water, and passing the 

mixture through a 

sieve. Through this 

mixture the goods are 

passed, and are then 

transferred to the 

bowking kier (Fig. 

15), an iron vessel 

fitted with a wooden 

grating as false bot¬ 

tom, which is covered 

with a layer of sack¬ 

ing and then with 

the band of goods, 

the latter being packed 

together as closely 

as possible, in order 

to prevent them from 

being displaced in 

the course of boiling, 

and also to guard 

against the formation 

of cavities or hollow 

spaces between the 

layers, since other¬ 

wise the goods are liable to local overheating or scorching. The 

whole is next covered with wrappering, tamped down with rods, and 

covered with water, which is then raised to boiling-heat, and main¬ 

tained at that temperature for six to fifteen hours, the kier being 

closed, and the pressure kept up to three or four atmospheres. 

The duration of this lime boiling varies according to the class 

of goods and the pressure employed, light pieces being finished 

sooner than heavy ones, and high-pressure accelerating the operation. 

Apart from the various forms given to bowking kiers, they all 

contain, as a matter of principle, some arrangement for ensuring a 

continuous circulation of the bowking liquor (see Fig. 16). 
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When the operation is finished, the lime liquor is run off, the 

pieces being then swilled with water and transferred to a washing- 

machine (Fig. 17). The lime must not be allowed to dry on the 

goods, or it will become very difficult to remove. 

The washing machine used consists mainly of two wringer rollers, 

e, d, mounted on a strong frame, a, and driven by the pulleys, b, c; 

also of the roller, A, which revolves in the water, the grating, l 

(separating the hanks in the case of yarn), and the two porcelain 

orifices, i, k, for the ingress and egress of the goods. 

3. Souring.—The goods are passed through a vat containing 

2° B. hydrochloric acid—sulphuric acid, though occasionally used, 

Fig. 17. 

is less suitable, the insoluble calcium sulphate then formed being 

more difficult to eliminate than the soluble chloride—and is then 

left, covered up so as to exclude the light, in a wooden vat for 

about half an hour ; or else the pieces are steeped for four to five 

hours in very weak (about B.) acid. After this they are 

washed. 

4. Boiling with Resin Lye.—This operation is performed in 

the same manner as in lime boiling, and in similar kiers. The 

liquor is prepared by boiling 10 lb. of colophony with 30-40 

lb. of soda and 20 gallons of water for about six hours. This 
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preparation is then diluted with about eight times its own volume 

of water, and the goods are boiled therein for about twelve hours, 

under a pressure of three atmospheres. After running off the 

liquor the goods are boiled with water, to remove the resin, and 

are finally well washed in the machine. If the goods were to be 

treated with cold water immediately after the resin boiling, the 

residual resin would adhere to the material and be difficult to 

remove. 

5. Bleaching (“ Chemicking ”).—The goods are impregnated 

with a clear, freshly made f° B. solution of bleaching powder, and 

then left alone in a dark place for half an hour or an hour; or they 

are steeped for six hours in a 0’3° B. solution of the same reagent. 

In either case the treatment is followed by a good washing. 

6. Souring.—To eliminate the rest of the bleaching powder, 

which would render the goods friable in time, they are next passed 

through dilute (1° B.) hydrochloric acid, and left exposed to the air 

for half an hour; or they are steeped for several hours in a more 

dilute acid. Washing follows in either event. 

Full Bleach for Piece Goods in Soda Lye. 

1. The goods are steeped in water for at least twelve hours. 

2. They are next boiled for fourteen hours in 2—2^° B. soda 

lye, without pressure, to prevent the impurities being fixed in the 

material. Washing follows. 

3. Souring, by immersion for four or five hours in B. hydro¬ 

chloric acid, succeeded by washing. 

4. Second lye boiling, with lye of the same strength as before, 

for sixteen hours, but under pressure; washing. 

5. Souring as before; washing. 

6. Chemicking. The goods are steeped for six hours in clear, 

freshly prepared 0*3° B. bleach liquor, and afterwards washed. 

7. Souring as before, followed by washing. 

If the goods are to be dyed with alizarine rose-red, they must 

be bowked with lime previous to the first lye boiling. 

The Thies and Herzig Full Bleach for Piece Goods. 
(30 cwt. of Cotton.) 

1. Souring, partly for removing the mineral impurities, partly 

for separating them from their organic combinations. An original 

feature in this method is the addition of a small quantity of hydro¬ 

fluoric acid, which increases the effect of the other acids and removes 

any silica present. The acid bath contains 10 grms. (1 per cent.) 

of 60 per cent, sulphuric acid, or 16 grms. of 30 per cent, hydro- 
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chloric acid, and 0’5 grm. of 75 per cent, hydrofluoric acid per 

litre. The cotton is steeped for four hours in its own weight of 

this solution, and is then exposed to the action of steam in a small 

steamer for about half a minute, and washed. When the goods are 

clean this preliminary treatment may be omitted. 

2. The goods are steeped all night in a J per cent, soda lye at 

50° C., to remove adherent matter, dried sap, etc. If the stuff is very 

unclean this operation is repeated. 

3. The next process is washing in water containing an alkaline 

earth salt, which facilitates the removal of the alkali and deposits 

insoluble alkaline earth in and upon the fibres. Fifty grms. of 25 

per cent, magnesium chloride are taken per 1000 litres of water— 

i.e. 0'0005 per cent.—or correspondingly less in the case of hard 

water. The pieces are then put through a wringer, so as to leave 

in the material only about its own weight of water. 

4. Bowking in the kier by steam heat, at a temperature of over 

100° C. This takes up to two and a half hours, according to the 

size of the kier, and is performed as a preparation for the following 

boiling in strong soda lye. The latter being introduced in a hot 

state, the mercerisation of the goods is prevented, and the steam 

expels the air which would otherwise enable the strong alkali to 

corrode the fibre. 

Moreover, the conjoint action of the alkaline earth and heat on 

the impurities in the cotton results in the formation of reducing 

bodies, which are easily removed in the subsequent lye boiling, and 

besides counteract the oxidising action of the latter. 

5. The goods are suffused with hot lye, at a temperature ex¬ 

ceeding 100° C. This solution is prepared from 1 cwt. of 98—99 

per cent, soda, causticised with lime and diluted to 110—120 

gals., 20 lb. of resin being then boiled therein. This gives a lye 

of about 5—7 per cent, strength. The specified weight of cotton 

occupying a space of about 140 cub. ft., this quantity of lye 

will only be just sufficient to thoroughly impregnate the material. 

In the older methods the use of strong lyes was prohibited for 

economical reasons, since to cover the goods requires about 2-3 

times their own weight of lye. 

The circulation of the lye and steam is maintained by the 

pump, d (Fig. 18), which draws and delivers them into the vessel, c, 

thence into the heated vessel, b, from which they return to the kier, 

a, where the goods are situated. The vessel, c, contains a perforated 

pipe, e, through which a part of the steam escapes into the open 

air at /, thus compensating for the dilution produced by the 

saponification process within the vessel, and maintaining the uniform 

strength of the lye. 
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At the end of about three hours, the goods are washed with 

boiling water in the kier. 

6. Chemicking.—This operation is performed with bleaching 

powder as usual, or with pure sodium hypochlorite, the only 

difference being that the liquors are merely one-third the ordinary 

strength. 

7. Souring, as in the first operation. 

The principal advantages of the Thies-Herzig process consist in 

a saving of about 40 per cent., as compared with the ordinary 

method (lime and resin soap), more rapid performance, absolute 

purification and unimpaired strength of the bleached goods. Indigo 

blue can be more readily discharged than usual when the goods 

have been bleached by this method. 

Whichever method of bleaching has been employed the goods 

are afterwards loosened in a machine, then spread out and hot- 

calendered, or tentered, if necessary, after which they are sorted and 

shorn. The latter operation is performed in order to remove the 

nap from the surface of the cloth, the short hairs composing same 

being first raised by brushing and then cut off by revolving cutters. 

A final brushing completes the process. Of course this operation is 
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omitted in the case of goods in which the pile constitutes an 

essential feature of the weave. 

Bleaching causes the goods to lose 8—14 per cent, in weight, 

and even a loss of 20 per cent, is not extraordinary 

In order to obtain perfect results, every stage of the bleaching 

process must be supervised with extreme care, the more so because 

a batch represents a considerable sum of money. The progress of 

the operations is checked by taking samples at intervals and dyeing 

them with alizarine, this test revealing any spotting produced by 

lime, resin, or bleach. The latter, due to the formation of oxy- 

cellulose, can be also detected by dyeing with methylene blue. 

The bleached goods are washed out in separate machines and 

stored away from possibility of contact with chemicked or soured 

pieces. Great care must be taken to avoid rust stains, these forming 

the most unwelcome of all the bleacher has to fear. With this 

object the kiers must be kept perfectly clean; no accumulations of 

liquids must be allowed to collect in the steam and water-pipes, etc. 

Should they occur, these stains may be taken out with oxalic acid. 

Dye stains, such as the alizarine red on backing pieces from the 

calico-printers, can be discharged by bleaching with potassium 

permanganate. 

Full Lye Bleach for Yarns. 

1. The goods are steeped in water for about ten hours, but if 

the yarn be fairly clean this may be omitted. 

2. They are next boiled for fourteen to sixteen hours in lye of 

2-2 B. strength, followed by washing. 

3. The next stage is souring, by several hours’ immersion in 

B. hydrochloric acid, succeeded by washing. 

4. Chemicking. The goods are steeped for about five hours in 

a 0'15—0*2° B. solution of bleaching powder, and then washed 

5. Second chemicking in the same way. 

6. Second souring, as before. 

7. The yarn is softened by steeping for some time in a hot 

solution of soap, and is then washed once more. 

This method is very similar to that employed for piece goods. 

Modifications of the process are practised in some places, and 

occasionally the other methods described are applied to yarns. 

Partial Bleaching. 

As already stated, it is not always necessary to fully bleach 

cottons, this being done only when the goods are to be dyed in 

light shades or printed, whereas for dark shades of dyed goods 
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bleaching would in many instances be a superfluous operation, and 

one likely to injure the colour in the case of Turkey-red dyeing. 

Cottons for half bleaching are bowked with lime or soda, 

soured, and washed. Yarns are boiled, without pressure, in a very 

weak soda lye, and then boiled off and rinsed; occasionally a simple 

boiling in water is sufficient. Goods to be dyed with aniline black 

do not require any cleansing at all. 

White goods, are first boiled with alkali, then chemicked, and 

blued with ultramarine. In the case of piece goods, this is done in 

the dressing process, but with yarns the ultramarine is applied in 

suspension in a warm soap bath. Latterly, however, owing to the 

ease with which irregularities occur in blueing with ultramarine, this 

pigment has frequently been replaced by methyl violet applied in 

an alum bath. 

Out of the many methods proposed for bleaching cottons, the 

following may be mentioned :— 

G. HerteFs Bleaching Process (German patent 75,435, 

30/3/93).—The material to be bleached is impregnated with a 

^—10 per cent, solution of Turkey-red oil (according to the desired 

effect), the excess being removed by wringing or draining in the 

hydro-extractor, and the goods boiled with 1'5—2 per cent, of 

caustic soda for six hours under pressure, after which they are 

rinsed, slightly soured, washed, lightly soaped, rinsed, and dried. 

This method is claimed to be specially suitable for yarns to be 

dyed rose-red by the Erban and Specht process, and also for Mako 

cotton, which hitherto could not be bleached except by the aid of 

very strong chemicking baths. 

In France (Kouen, for example) such cottons as are to be dyed 

in delicate shades are cleansed by boiling with lye and a sulpholeate. 

A product of this kind is sold under the name “ Fankhausine,” and 

is possessed of certain advantageous properties in that it readily 

moistens the cotton; the duration of boiling is reduced to one to 

four hours, and the bath may be allowed to cool down while in use 

—a condition impossible with the ordinary process. For goods that 

are to be dyed with basic dyes, the Fankhausine treatment can be 

applied at the same time as the tannin. 

The Mather and Thompson Continuous Bleaching Process. 
—The characteristic features of this process are that, after certain 

preparatory treatment, such as lye boiling, souring, etc., the goods 

are passed continuously over a series of rollers, and also through 

a chamber filled with gaseous carbon dioxide for the purpose of 

liberating hypochlorous acid and thereby increasing the activity of 

the bleaching powder. The goods are passed in succession through 

warm water, bleaching powder solution, the carbon dioxide chamber, 
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cold water, warm soda solution, water, a second chemicking bath, 

carbon dioxide gas, water, dilute hydrochloric acid, and, finally, 

water. 

Electrolytic Bleaching Process.—The method is usually 

associated with the name of Hermite, who was the first to propose 

the preparation of a bleaching liquor by the electrolytic decom¬ 

position of magnesium chloride. The most important features of 

the process have already been described in dealing with sodium 

hypochlorite. 

Linen-Bleaching. 

The bleaching of linens is conducted on the same principles as 

in the case of cottons, the impurities being removed by boiling with 

lime or soda, and the colouring matter by the aid of bleaching 

powder. 

The fibres are, however, more difficult to decolorise than those 

of cotton, owing to the larger quantities of impurities present, the 

amount and quality of which depend on the method of retting 

pursued. Consequently, this last-named process should be per¬ 

formed with special care. 

Moreover, flax fibre is more susceptible than cotton, and on this 

account the various reagents must be used in a weaker condition 

and applied over and over again. The chief cause of the difficulty 

in bleaching flax resides in the brown substances, known as pectin 

bodies, contained in the fibre, since they cannot be destroyed by the 

unaided action of bleaching powder, but require the assistance of 

the grass bleaching process. Apparently these bodies are not 

destroyed by the bleaching agent, but are merely converted into a 

form more soluble in alkalis. A single vigorous treatment with 

bleaching powder does not suffice to remove the pectin bodies; 

neither is this treatment advisable, as it would certainly attenuate 

the fibre. The conversion of the pectin bodies into a soluble form 

is therefore a matter of repeated attacks with bleach, assisted by 

interposed treatments with alkaline baths, and supplemented by 

grassing. 

Apart from the repetition of the various operations and the 

recourse to grassing, the process of linen-bleaching differs from that 

for cotton in that the goods are kept in motion during the treat¬ 

ment in the chemicking bath, and are subjected to friction between 

two fluted boards in order to get rid of particles of the adherent 

brown matter. 

Flax is bleached either as yarn, twist, or in the piece, and the 

process is divided into four classes—quarter, half, three-quarters, and 

full bleach, according to the degree of purification produced. The 
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loss in weight ranges up to as much as 18 per cent., or occasionally 

as high as 25 per cent., and ends at the half-bleach stage. The 

entire operation takes about three to six weeks. 

The boiling is effected in open and in low-pressure keirs; the 

chemicking and souring are performed in a special manner, viz. 

in a series of (usually) three stone or wooden tanks containing 

respectively dissolved bleaching powder, water, and dilute hydro¬ 

chloric acid. The yarn is suspended on pegs, which are mounted on 

a frame running on rails over the top of the tanks. Sometimes the 

pegs supporting the yarn are fitted with cog-wheels which engage 

in one another and cause the yarn to turn round and round in the 

bath liquor. 

After a short time the entire frame is lifted out of the bath and 

transferred to the next tank, where the yarns are washed. In the 

same manner they are conveyed to the third tank, where they are 

soured, and are finally washed in a fourth vessel, or returned to the 

second tank for that purpose. 

Piece goods are first moved about in the chemicking liquor for 

some time, and then left to steep therein, though more usually the 

movement is continued and extended over a longer time. 

For grassing, the yarns and piece goods are spread on the grass 

in summer, and turned at intervals; in winter they are hung on 

sticks or frames. Naturally, the bleaching action is stronger in the 

summer, and becomes apparent after the lapse of only a few hours. 

Begemann proposed to expedite grass bleaching by first slightly 

blueing the goods with indigo, in order to ensure the absorption of 

the more active blue light rays as well as the yellow ones. 

Well bleached linens should be white all through, and should 

not stain when treated with an alkali, such discoloration indicating 

imperfect removal of the pectin bodies. 

The details of linen-bleaching naturally vary in different 

localities. The following description applies to the method as 

pursued in Silesia :— 

Full Bleach— 
1. Boil for nine to ten hours, or longer, according to quality, 

with 10 per cent, of soda, under gentle pressure. 

2. Chemick with a bleaching powder solution, containing 4 per 

cent, of active chlorine; wash and sour. 

3. Treat in hot (50° C.) soda solution in an open kier; wash. 

4. Grass for two to three days (in summer), turning once. 

5. Chemick for several hours in a weak solution of bleaching 

powder, evolving only an almost imperceptible odour of chlorine. 

6. 7, 8. Bepetition of 3, 4, and 5. 

9. Weak soaping in circular vat, the soap solution being 



76 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

admitted automatically, flowing through the yarn, collecting under¬ 

neath, and returning to the goods after passing through an upcast 

pipe. 

For quarter-bleach the operations are restricted to Nos. 1 and 2, 

in addition to a boiling with soda. 

Piece goods are treated in the same manner, except that the 

operation commences with a lime bowking. 

It should, however, be borne in mind that working on any 

invariable lines is an impossible matter in linen-bleaching, the 

method of treatment being wholly dependent on the quality of the 

goods and on the effect to be obtained. 

Jute-Bleaching. 

Almost every known bleaching agent has been tried on jute, 

from which circumstance it will be evident that a perfectly satis¬ 

factory method of bleaching this fibre has still to be discovered. 

As a rule, the wmrk is confined to a bleaching in the restricted 

sense of the term, sodium hypochlorite being chiefly used. Under 

these conditions a supplementary treatment with dilute bisulphite 

will prove beneficial. 

The method of bleaching jute by alternate treatment with 

potassium permanganate and bisulphite, though rather expensive, 

furnishes good results, and the loss in weight is small. 

Jute, being very susceptible to the action of alkalis, should only 

be treated with such as are of a very mild character, like sodium 

silicate, borax, etc. 

However, this fibre is generally used in an unbleached condition, 

either in its natural colour, printed, or dyed (or both). 

Hemp-Bleaching. 

Great difficulty is experienced in bleaching hemp in a thorough 

manner, and the fibre is generally used in the unbleached state; in 

fact, only the yarns intended for making up into string are bleached, 

the operation being effected by the aid of bleaching powder after a 

preliminary cleaning with sodium silicate. 

Ramie-Bleaching. 

As already mentioned, the process used in Europe for bleaching 

ramie is almost identical with that employed for cotton; only, in 

the chemicking especially, greater care is necessary to ensure the 

protection of the fibre. 
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Scouring and Bleaching Silk. 

The purification of silk consists in removing the sericin and 

colouring matter present in the raw material. As, however, these 

mainly reside in the bast layer, all that is necessary in most cases 

is to get rid of this latter by the operation known as scouring, or 

decorticating. 

The bast layer gives the silk a hard, rough character, which 

prohibits its use in a raw state, except in very few instances. As 

a rule, silk is desired to exhibit all its valued properties, such as 

softness, lustre, etc., and on this account must be freed from the 

bast, the more so because raw silk cannot be dyed so permanently 

as when scoured, the reason for this being that the dyes are then 

absorbed by the bast, which afterwards yields them up more readily 

when washed. 

Eemoving the bast entails considerable loss in weight, amount¬ 

ing to 18—22 per cent, in the case of Chinese and Japanese silks, 

and 25-30 per cent, in European silks. On this account it is 

often customary to only scour the silk to such an extent that the 

loss amounts to about 6—8 per cent., the endeavour being at the 

same time to impart to the product a portion at least of the valu¬ 

able properties of scoured silk. The resulting product is known as 

“ souple ” silk, and is used as a weft. In treating this article, the 

facf that it will not stand warm soap or alkaline baths must be 

borne in mind; in fact, if only left to lie in a moist condition, it 

sheds part of its bast layer spontaneously, this effect being recog¬ 

nised by the formation of lustrous spots. It must therefore be 

either dried at once, or else dyed and dried; should immediate 

dyeing be impracticable, the silk must be left in water. 

The silk is scoured in hank form, as grege silk, or also after 

weaving, the operation being performed by the aid of soap and 

soda. True, soap alone is best, and that too of good quality, 

devoid of free alkali or smell, and being readily soluble so that it 

can be afterwards easily washed out of the silk. Potash soap is 

better than soda soap for this purpose; and, in fact, soda does not 

form a good addition to the scouring bath, owing to its tendency to 

make the silk harsh. However, for the sake of cheapness, a 

mixture of soap and soda is frequently used, and the cheaper souple 

silks are even scoured with soda alone. 

For better qualities it is essential to employ nothing but soap, 

an addition of soda being inadmissible, except for the purpose of 

softening the bath water, since the lime soap, otherwise formed, 

would be deposited on the fibre and dirty it, or at least spoil its 

sheen. It is therefore necessary in scouring silk to entirely prevent 
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any deposition of lime or magnesia soap on the fibre. Should the 

raw silk not be entirely free from mineral matters (e.g. dust) it is 

advisable to wash it, first in slightly acid water and then in pure 

water, before scouring. The same consideration must also be borne 

in mind in washing the silk after scouring. 

Two scouring baths are generally required: the one containing 

25 to 30 per cent, of soap, the second 20 per cent., calculated on 

the weight of raw silk treated.1 The grege is treated in the first 

bath for about ten minutes or longer, according to the quality, at a 

temperature rather below 100° C. The bast swells up, making the 

silk sticky, and then dissolves, leaving the lustrous internal thread 

of the silk exposed. A sojourn in the second soap bath then 

completes the removal of the bast. Silk that is to be dyed in 

delicate shades is passed through a third soap bath, and finally 

rinsed with fresh water. 

The first bath can be used seven times over, but will then be 

so full of sericin as no longer to be applicable for this purpose, 

though suitable for use as “ bast soap ” in silk-dyeing. The second 

bath, which contains a smaller proportion of sericin, is advanced to 

the dignity of first bath, a fresh solution being prepared in its 

place. 

Of course it is not feasible to treat all kinds of silk in exactly 

the same way, some being more easily freed from bast than others; 

and in point of their ability to stand the action of the scouring 

baths considerable differences exist, Milanese trame silk being 

particularly ticklish to handle. In fact, this silk must not be left 

in the bath more than ten minutes, and, should the bath liquor 

contain any pre-existing sericin, the silk will be rendered “ lousy.” 

Such silk exhibits, when dyed, numerous light patches, due to 

disintegration of the silk thread; the appearance may, however, 

be improved by treatment, first with soap and afterwards with 

weak hydrochloric acid. 

In the case of loaded silk, the removal of the bast is almost 

impossible to effect in a satisfactory manner, owing to the inevit¬ 

able formation of metallic soaps. Before proceeding to the 

scouring process a portion of the loading materials has therefore 

to be eliminated by treatment with acid. 

After the silk has been scoured it is stretched, chevilled 

(smoothed), lustred, bleached, loaded, and dyed. The first three 

1 The following recipe from a practical source may be cited as an example of other 

methods of scouring silk. The silk is treated for three to four hours at 70-80° C. in a 

bath containing 6 parts, by weight, of Marseilles soap and 1 part of soda per 1000 parts 

of water—the latter previously softened—after which the material is washed, soured 

with weak hydrochloric acid, and rinsed. 
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operations are performed with the object of rendering the silk as 

soft and lustrous as possible. Stretching consists in repeatedly 

pulling back the silk threads when stretched taut between two rods, 

and is effected either by hand or in a machine. 

Smoothing is effected by winding the silk upon itself, by hand 

or in a machine, whereby the separate threads are smoothed by 

mutual friction. (Machines for this purpose are illustrated in 

Knecht, Eawson, and Loewenthal’s Handbook of Dyeing.) 

Lustring or glossing consists in imparting the maximum lustre 

to the silk by a combined process of stretching and steaming. 

Bleaching is only practised when the silk is required to be 

white, or to be dyed in very light shades. Sulphurous acid is 

the agent employed, and the method has been already described 

in dealing with that reagent. 

Loading.—In the case of white or very light-coloured silks, 

a dressing of tin chloride {see Chap. III.) is applied before dyeing, 

but dark-coloured silks are loaded in the dyeing process or after¬ 

wards, by the aid of tannic acid. 

Scouring silk in the piece is a method increasing in favour on 

account of the advantages resulting from weaving the threads in 

an unscoured state. For example, raw silk is better able to stand 

friction, and is more elastic than when scoured, so that it is less 

liable to break in the loom; and again, the almost inevitable 

dirtying to which the threads are exposed in weaving is merely 

superficial in raw silk, and is readily removed in the subsequent 

scouring. 

The operation is performed in a continuous manner by passing 

the pieces, full width, over rollers and through vats containing hot 

solutions of soap and soda {e.g. 6 parts of soap and 1 part of soda 

per 1000 parts of water); they are heated first to 70-80° C., then 

to 100° C. The operation takes a half to three-quarters of an 

hour, or sometimes longer. 

Half-silk goods are scoured in the piece exclusively, and must 

be gassed beforehand. Half-silks to be dyed dark shades contain 

raw (unbleached) cotton, and therefore, except when the proportion 

of this is very small, the goods must be put through a strong 

scouring bath (containing 3—5 per cent, of soda, calculated on the 

weight of the goods), the operation in this case lasting one and 

a half to two hours. 

Half-Scoured or Souple Silk. 

To prepare half-scoured or souple silk, the silk is first cleansed 

by treatment in a weak, luke-warm soap bath, which at the same 
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time softens the bast. After this it is immersed in a 10 per cent, 

bath of potassium nitrite, strongly acidified with sulphuric acid 

for an hour, or for about a quarter of an hour in warm dilute aqua, 
regia (nitro-hydrochloric acid) ; in the first case, the colour turns 

grey, in the second green. Then, after being treated in a bath 

of soap, plus a large proportion of soda, it is sulphured three 

times, six hours each time, in a damp state, the hanks being turned 

after each treatment. The next stage is rinsing in water acidified 

with sulphurous acid, followed by the actual process of softening, 

the hanks being steeped in a hot (90-100° C.) 5 per cent, solution 

of potassium bitartrate, and an aqueous solution of sulphurous acid 

—the condensed droppings from the sulphuring chamber—until 

the threads are exposed, though this is not perfectly visible until 

they have been drained. According to the quality of the silk, the 

treatment lasts an hour or more. 

Some dyers use a bath of bitartrate and hydrochloric acid, or 

magnesium sulphate, in which latter event the loading of the silk 

is effected at the same time; the feel of the silk is, however, best 

when sulphurous acid has been used. When the silk is to be 

dyed in dark shades the softening process may be performed with 

tannic acid in the dye bath. 

Bleaching and Scouring Tussah Silk.—Attempts have been 

made to bleach Tussah silk by almost every known bleaching agent. 

The operation is a difficult one, and is therefore omitted except 

when the silk is to be dyed in light shades. For the most part 

it is woven in its natural colour. 

The best bleaching agents for this fibre are the peroxides, the 

material being treated for an hour or so in a bath containing 

50—100 per cent, of barium peroxide at about 90° C.; or else 

with hydrogen peroxide in the manner prescribed for that reagent. 

Scouring is also a more difficult process with Tussah than 

with true silk, and entails more time and the use of stronger 

soda baths. 

Washing and Bleaching Wool. 

Whereas the entire series of operations concerned in the 

purification of cotton are comprised in the term “bleaching,” a 

distinction is made, in the case of wool, between the actual 

bleaching process and the preparatory cleansing operations, the 

latter being termed “ washing.” 

As it comes from the sheep, wool is contaminated with so 

many impurities that washing is the first treatment necessary, 

it being impossible to spin unwashed wool, though raw cotton 

can be spun without question. 
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Woollen yarns and piece goods, though freed from the natural 

impurities of the fleece, nevertheless contain impurities consisting 

of the fatty matters added to the wool to facilitate spinning and 

weaving, in addition to dirt acquired by contact with dirty 

machinery, dust, and the workmen’s hands. Consequently the 

washing of these goods is performed in a different manner to that 

employed for the raw wool. 

Bleaching, as applied to wool, is restricted to yarn and piece 

goods, and plays a far less important part than in the case of 

cotton, the great bulk of manufactured wool never being bleached 

at all. 

Though in this country it is a common practice to wash the 

sheep before shearing, this is rarely done in the case of foreign 

wool, and when practised has always to be supplemented by the 

usual wool-washing process, except for low-grade wools such as 

Hallina. This supplementary washing should be performed as soon 

as possible after shearing, since delay only increases the difficulty 

—as experience has shown in the case of fleece-washed foreign 

wools. 

The washing to which the wool is subjected in wool-washing 

establishments is a far more important operation than fleece¬ 

washing, its object being to secure the removal of all the impurities 

comprised in the term “grease.” For this purpose use is made 

of alkaline substances—soda, potash, soap, Quillaya bark (Quillaya 
saponaria), ammonium carbonate, and stale urine. Caustic alkalis, 

however, must be carefully avoided, owing to their known corrosive 

action on wool fibre. 

The oldest known detergent for wool-washing is stale (putrescent) 

urine, which, when diluted with about five times its own bulk of 

water and used at medium temperatures, cleanses the wool very 

well. The real active ingredient is ammonium carbonate, liberated 

by the decomposition of the urea. Despite its unpleasant smell, 

this detergent is still used in many small works. 

Ammonium carbonate itself is an excellent detergent for wool, 

but is still too dear for practical use, the field being left almost 

exclusively open to soap and soda (or potash). Usually a mixture 

of the two is employed, the proportions being regulated according 

to the quality of the wool and the hardness of the water. The 

coarser the wool the larger the proportion of soda, and it will 

be readily apparent that hard water requires more soda than soft 

water, it being necessary to throw down the lime and magnesia 

as carbonates, in. order to prevent their deposition, in the form of 

fatty acid compounds (soaps), on the wool. The carbonates of these 

alkaline earths come down in the form of powder and can then 

6 
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be easily washed out of the wool, which is not the case with lime 
and magnesia soaps; moreover, the formation of the latter entails 
a certain waste of soap. 

Wool of low quality, such as is used for making coarse fabrics, 
rough blankets, etc., is washed with soda alone, for the sake of 
cheapness; but worsted wools are washed solely with soap. Wools 
for carding are washed with a variable mixture of soap and soda, 
averaging 4 to 5 parts of ammonia-soda and If—2 parts of soap 
per 1000 parts of water. Soda soon roughens wool, and the 
temperature should not be allowed to exceed about 50° C. when 
this alkali is used. Its employment is nevertheless essential for 
fine carding wools, since fine wools are more difficult to cleanse 
than the coarser kinds, and a larger proportion of soap would 
cause the fibre to shrink and thus unfavourably influence the wool 
for the purpose in view. 

The exact proportions of soap and soda can only be determined 
by practical experience, since each kind of wool behaves differently 
in the washing. Hence care should be taken never to wash 
different sorts of wool together; and the sorting of wool previous 
to washing must be performed with great caution. 

Other proposed adjuncts to the above-named detergents are— 
common salt, sal ammoniac, olein (as an emulsifier), etc., but none 
of them have made any headway in practice. Patented detergents 
of undisclosed composition, sold under fancy names for wool-washing, 
should be avoided in any case, since they are either worthless, or 
could be prepared by the washer himself at a much lower cost. 
For the most part they consist of a large proportion of soda and 
a very little soap, and are therefore generally recommended for 
washing with hard water. 

Of late, experiments have been tried with the solvents used 
for extracting fats, such as carbon disulphide, benzine, etc., but 
the practice has been discontinued in nearly every case, the process 
having the disadvantage of requiring very complicated plant, and, 
in addition, the risk of fire is hffih and the fatty matters are too 
thoroughly removed, the wool thereby losing much of the supple¬ 
ness so desirable in the subsequent treatment. 

The Washing Process.—The wool is first carefully sorted and 
freed from burrs, which latter would injure the fibre if not removed. 
It is then put in the washing machine, the so-called “ leviathan/' 
shown in Figs. 19 and 20, which consists of a series of tanks (gener¬ 
ally four or five), the first of them containing the detergent solution, 
the others filled with warm clean water. The actual cleansing of 
the wool therefore takes place in the first tank, the temperature 
of which is kept at about 50° C., whilst the others serve for 
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rinsing the purified charge. Each tank is fitted with cranked 

rakes, which move the wool onwards, and between each two 

adjoining tanks is mounted a pair of heavy wringer rollers, which 

take the wool from the elevator and, after expressing the super¬ 

fluous liquor, deliver it to the next tank. The best type of 

leviathan washer is that of A. D4ru shown in Fig. 19, the chief 

advantage of this type residing in the excellent elevator and 

wringers, which latter work under a pressure of about eighteen 

tons. By this means the wool is wrung in a very thorough 

manner and the transference of dirty scouring liquor into the 

rinsing tanks is reduced to a minimum. 

Fig. 19 shows the elevator and the submerging roller of the 

second tank of the Deru machine, the former consisting of two 

toothed wheels «, rotating about a shaft b, mounted at d. Bearings 

c support the pins /, which carry the paddles g, and the attached 

zinc forks h. The movement of the forks which carry the wool is 

effected by the sliding of the rollers i, k, on the tracks l, m, and the 

wool is delivered between the rollers o, p, whence it passes at q 

into the wheel r. 

Fig. 20 shows the manner in which the wool is worked in the 

Demeuse machine by the crank rakes b, c, to the elevator d, and 

from the latter to the wringer rollers /, and thence to the creeper h. 

The scouring liquor in the first tank will, of course, remove 

the bulk of the impurities, and will have to be drawn off after a 

certain time. In order to utilise the liquors to the utmost, that 

from the second tank is then run into the first one, its place being 

taken by that from the third tank. This transfer is effected by 

means of an injector. 

When properly washed, wool still contains about 1 per cent, of 

fat. In some washing mills a larger proportion is designedly left 

in the wool, but this is not advantageous to the purchaser. 

When washing worsted wool, it is sometimes the practice to 

incorporate combings, as a cheap and pure adjunct which unites 

well with the wool and cannot afterwards be detected therein. 

The spent liquor from the washing machines is run into a 

collecting tank, through a vertical iron grating which keeps back 

any accompanying wool fibres. These latter, though very dirty, 

can be washed and sold as inferior wool. The liquors are then 

passed through a series of settling tanks, where the bulk of the 

suspended impurities is deposited, after which the liquid portion 

is either run off or treated with sulphuric acid or lime for the 

recovery of the contained fatty acids. When acid is used, the fatty 

acids are obtained in a free state, but when lime is employed they 

are in the condition of lime soaps, which must then be decomposed 
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by an acid. The former method is most in use, and is best 

performed in the warm. The recovered fatty acids are purified 

by pressing, smelting, and bleaching. 

This recovery of fatty acids pays only in the case of large 

establishments, and even in such works the acids are sold in their 

crude state to the soapmaker. 
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Latterly the recovery of wool fat from 

practised, the liquor 

being treated in a 

centrifugal extrac¬ 

tor, which retains 

this fat. The latter 

is then purified by 

repeated meltings, 

boiled with water, 

and kneaded with 

water to form the 

commercial product 

lanolin, which is 

largely used as a 

salve, owing to its 

capacity for pene¬ 

trating the skin. 

Liebreich was the 

first to recommend 

it for this purpose. 

The soapy water 

left in the recovery 

of wool fat can be 

used over again as 

scouring liquor. 

Finally, the 

potash in the yolk 

of the wool can be 

recovered if the 

wool, before wash¬ 

ing, be systematic¬ 

ally lixiviated in a 

series of tanks by 

the aid of water at 

a temperature of 

about 45° C. in 

order to obtain a 

concentrated solu¬ 

tion of the yolk. 

To this end the 

solution containing 

the highest percen- 

of yolk is 

the washing liquors is 

employed for treating the fresh wool, whilst the nearly exhausted 
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wool is treated with fresh water. In this manner a solution of 

about 10°B. is obtained, which can be converted into crude potash 

by concentration and calcination. According to Havrez, the con¬ 

centrated extract may also be worked up into potassium ferro- 

cyanide if treated with an addition of nitrogenous materials. 

Washing Woollen Yarn.—Woollen yarns cannot be thoroughly 

purified unless the raw wool has been washed perfectly clean. All 

that the present operation has to effect is the removal of the oil 

added before spinning; and the method of treatment and composi¬ 

tion of the washing liquor depend entirely on the degree in 

which the oil used is capable of saponification and emulsification. 

The yarn is treated in a solution of soap or soda (or both) at a 

temperature of about 40° C. until it ceases to feel greasy, which 

generally takes about half an hour. The wool is then rinsed in 

warm water, in order to prevent the residual fatty particles solidi¬ 

fying and sticking to the wool. It is therefore impossible to wash 

all yarns on a rigidly fixed plan, though generally a solution con¬ 

taining 4 per cent, of soap and 3 per cent, of soda, calculated on the 

weight of the yarn, will be strong enough. Worsted yarns are 

always washed with soap only. 

Washing Woollen Piece Goods.—As in the case of yarns, 

woollen goods made from carded yarn are washed with soap and 

soda ; worsteds with the former alone. The operation is performed 

in the following manner:—44 lb. of soap curd are dissolved by 

boiling in a 2° solution of soda, to form 66 gals, of washing 

liquor, which must be used warm, since it sets when cold. The 

piece is thoroughly steeped with this liquor in the machine, and is 

left in soak for a half to three-quarters of an hour, after which it 

is rinsed by adding fresh water until the effluent runs away clear. 

Should the goods still feel greasy, the operation is repeated. 

Woollens are occasionally washed with soda alone, for the sake 

of cheapness, but this is inadvisable as it makes the fibre harsh. 

Worsteds are preferably washed twice, half an hour each time, 

in a 5° solution of olein (soft) soap. 

Blueing or White Dyeing. 

As already stated, the yellow tinge of imperfectly bleached 

fibres is often converted into a more or less pure white shade by 

the aid of blue dyes. 

Cotton yarns, for example, are blued after bleaching by treating 

them with ultramarine in a soap bath, whilst cotton piece goods are 

treated with the same pigment in the dressing process. 

White silk is blued in a lukewarm soap bath containing a very 
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small quantity of some blue or violet dye, the various blue methyl 

violet marks being most frequently used for this purpose. 

This blueing process is of far greater importance in the case of 

woollens intended for parti-coloured or fancy articles. In this case 

a wide range of white shades is required, and, as in the case of silk, 

is usually obtained with methyl violet blues in a lukewarm soap 

bath. 

The chief difficulty in blueing resides in the accurate matching 

of the required tint. Of particular importance when methyl violet 

is employed is the amount of soap taken for the bath, since, if an 

excess be used, an insufficient quantity of the dye will be absorbed, 

whilst in the contrary event the dyeing is liable to become irregular. 

The blued yarn has then to be sulphured, so that, in dyeing, the 

alteration sustained by the colour in this operation has also to be 

taken into consideration. 

A white, capable of resisting fulling, is in many cases produced 

on loose wool by dyeing with archil and indigo-carmine. 

So-called “ pure white ” is best obtained by first blueing the 

goods very slightly in a hyposulphite bath, and then shading off 

with fast acid violet, A2K (Hochst FarbwerJc), which is a fast and 

readily distributable dye, in a fresh bath. 

It is still customary in some places to dye woollens white by 

treating them with some insoluble alkaline earth salt, such as 

calcium carbonate, barium sulphate, etc., held in suspension in 

water; or by precipitating these substances direct on the fibre by 

passing the piece through a solution of sodium sulphate, and then 

immersing it in dissolved barium chloride. 

Carbonising. 

In addition to other impurities, sheep’s wool contains burrs and 

other vegetable fragments, which adhere to the fleece and cannot be 

removed by washing. When such wool is dyed, the cellulose of 

the vegetable matter absorbs the dye less readily than the wool 

fibre, and then becomes apparent in the material as light-coloured 

spots or “ nops.” Formerly these were removed by cutting with a 

nopping tool, or hidden by staining with nop tinctures, but this 

procedure had many drawbacks, the cutters being liable to damage 

the cloth, whilst the staining was of a merely superficial character, 

and far from permanent. 

At the present time this method has been superseded by car¬ 

bonising, an operation whereby the vegetable matters in the wool 

are eliminated by the aid of acid and heat, which converts the 

cellulose into hydrocellulose, the latter being easily removed by 
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mechanical means. The operation derives its name from the 

carbonised appearance assumed by the vegetable matter under the 

treatment applied. 

The reagents employed are sulphuric and hydrochloric acids, 

the former in a free state, the latter in combination as aluminium 

chloride or magnesium chloride, both of which split up into oxy¬ 

chlorides and free hydrochloric acid when heated. (The statement 

that these chlorides are converted into oxides and hydrochloric 

acid at the temperature employed in the carbonising process is 

incorrect.) 

The woollen material to be carbonised must be clean, and, in 

particular, free from fatty matter. If the wool contain any soap 

residue, the carbonising process fixes the fatty acids upon the fibre 

in such a manner that their subsequent removal by washing is 

well-nigh impossible, and they will then show up as patches when 

the wool is dyed. 

Carbonising is applied only to loose wool or piece goods; and 

even the latter alternative is attended with numerous drawbacks, 

owing to the formation of acid spots, soda spots, and other spots 

arising from impurities in the goods, these defects for the most 

part only becoming visible after the material has been dyed. On 

the other hand, these inconveniences are practically non-existent 

when the wool is carbonised loose, and for this reason the practice 

of carbonising in the piece has been discontinued at Yerviers and 

many other places. Where still in vogue the process is applied to 

piece goods at various stages of manufacture, either just before or 

just after milling, or after dyeing. This refers only to woollens, 

worsted fabrics being seldom carbonised at all, since if not more 

than ten nops are found in a hundred-yard piece they are taken 

out by means of a nopping tool, and carbonisation is therefore 

superfluous. 

The process is divided into three principal stages—impregnating 

the material with the carbonising reagent; the actual carbonising; 

and the removal of the residual reagent. 

Impregnation consists in steeping the material for several hours 

in the reagent. In the case of sulphuric acid, the operation is per¬ 

formed in lead-lined tanks. To ensure thorough impregnation, piece 

goods must be drawn through the steeping liquor, the excess of the 

latter being squeezed out by means of rollers and removed by the 

hydro-extractor (which for this purpose must be lined with coarse 

cloth to prevent contact with the metal). They are then dried at 

a gencie heat, generally in a moderately heated drying chamber ; 

though sometimes this preliminary drying is omitted, and the 

goods are carbonised in their wet state. In such event, however, 
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it must not be forgotten that the action of the reagent is far more 

energetic. 

Care is necessary to see that the impregnation is performed 

in a perfectly uniform manner, and that no irregularity occurs in 

the drying, and consequently in the distribution of the carbonising 

reagent, since this will certainly result in the production of spots 

in dyeing. This is especially the case in carbonising piece goods, 

and the latter should therefore be carefully drained in the hydro¬ 

extractor and carbonised as soon as possible, being stored in the 

meantime away from contact with light and air. 

The actual carbonising is effected by passing the impregnated 

material through a carbonising stove, such as the one illustrated in 

Figs. 21 and 22. 

Fig. 21 represents a wool-drying stove also used for carbonising. 

The wool is introduced at a, and passes through the chamber 

b, falling from one set of conveyors to the others in succession 

until it is discharged at c into the box d. 

Fig. 22 shows the excellent wool-drying and carbonising 

machine made by Deru. The wool is introduced at <z, and rests 

on the hinged gratings b, which, when turned through a quarter 

revolution, as at c, allow the charge to fall from storey to storey 

until it arrives at d. The drying is effected by hot air blown 

in through the heater / by the fan e; i, i, are dust cages, and 

h is a grid for retaining any fibres that may be carried away. 

Piece goods are carbonised in an apparatus similar to Fig. 

21, the pieces being led over rollers up and down through the 

chamber. Heat is imparted by iron steam-pipes led through 

the chamber, but, in order to prevent rust spots, all the pipe 

connections must be situated outside the chamber. 

The temperature and the duration of the process depend on 

the reagent, and, to a smaller extent, on the quantity of impurities 

to be eliminated, as well as on the thickness of the material 

in the case of piece goods. Full particulars will be found below 

in dealing with the various reagents used. 

After carbonising, the loose wool is willowed—piece goods 

being beaten—at once to remove the burrs, etc., whilst still dry 

and brittle. 

Finally, the residual reagent must be got rid of. When 

magnesium- or aluminium-chloride has been used, this is effected 

by a vigorous washing in water, but in the case of sulphuric 

acid the excess has to be neutralised by treating the wool with a 

lukewarm solution of soda (about 2° B.) for half an hour or an hour. 

The elimination of the acid must be complete, since any allowed 

to remain would concentrate in the subsequent drying, and corrode 
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the wool fibres, the result being the production of acid stains 

in dyeing. However, when the goods are to be dyed with acid 

dyes the neutralisation may be omitted, the removal of the acid 

being then unnecessary. This happens, for instance, in the dyeing 

of fezzes. 

After neutralisation is finished the soda in turn must be 

thoroughly got rid of by washing, since otherwise the concentration 

of the alkali in drying would result in the formation of soda 

spots on the dyed goods being subsequently exposed to a high 

temperature (as in the dressing process). 
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At Verviers and other places the neutralising operation is 

performed with soap and soda in small (three-tank) leviathans, the 

soap being used for correcting the harshness produced in the fibre 

by carbonising. 

Carbonising Agents.—The most important and most largely 

used of these is sulphuric acid, which is only replaced by magnesium- 

or aluminium-chloride, when the operation has to be performed 

on woollen fabrics dyed with colours unable to resist the acid, 

otherwise dyed cloth can be carbonised with this acid. Both 

the above-named chlorides are milder in their action than the 

acid in question, and have less effect on the fibre or colour of 

the material under treatment. This is due to several causes. In 

the first place, sulphuric acid is a stronger acid than hydrochloric 
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acid, the more so that it is not volatile at the temperature of 

the carbonising process, and therefore remains in the fabric. 

Secondly, in using the said chlorides, the temperature is such 

that ammonia is liberated from the wool and neutralises the 

freed hydrochloric acid to some extent, so that the latter only 

exerts its full power in such places where vegetable matters occur. 

Finally, the action of the hydrochloric acid is weakened by the 

oxychlorides formed. 

The main defect of the chloride process of carbonisation resides 

in the high temperature required for the decomposition of the 

reagents, the consequence being that, especially with magnesium 

chloride, the wool is always faintly tinged with yellow, thus 

impairing the purity of the more delicate colours, especially blues. 

This defect is less apparent with aluminium chloride; this salt 

nevertheless being ever less and less used, on account of its higher 

price. Generally speaking, therefore, only two carbonising agents 

—sulphuric acid and magnesium chloride—are in current use. 

Carbonising with Sulphuric Acid.—The usual procedure is to 

employ 4° B. acid, the temperature of the operation being 70— 

80° C., and the duration about twenty minutes. The practice, 

however, varies in different establishments, the concentration 

ranging from 2—6° B. The more dilute the acid the higher 

the temperature required, and vice versa. Thus, acid of 2° B. 

strength must be applied at a temperature of about 100° C., 

whereas 6° B. acid can be used at about 60° C. It is always 

preferable to work with weaker acid and employ a higher tem¬ 

perature than under converse conditions. 

Where the fabric to be carbonised has cotton selvedges, the 

latter must be protected from attack by coating them over with 

a solution of soda, thickened with fullers’ earth and gum. This 

practice may, however, prove a source of inconvenience, inasmuch 

as by using an excess of the said solution the wool bordering 

the selvedges is liable to corrosion from the soda, and soda spots 

will form in dyeing. The defect may be obviated by using sodium 

acetate instead of soda. 

Carbonising with Magnesium Chloride (A. Frank, 1877).— 

The fabric is impregnated with a 15° B. (or weaker) solution of 

magnesium chloride, and carbonised for thirty to forty-five minutes, 

at 140-150° C. According, however, to Breinl and Hanofsky a 

9° B. solution is strong enough. 

If magnesium chloride be heated by itself to 140-150° C. 

for some time, only about one-half of the contained chlorine will 

be liberated as hydrochloric acid, an oxychloride with a strongly 

alkaline reaction being left; and the same result apparently ensues 
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when a fabric is carbonised with this salt. Accordingly the fabric 

so treated gives a stongly alkaline reaction afterwards, and this 

reaction may be occasionally so pronounced that the fibre is 

attacked, and assumes under the microscope the same appearance 

as when corroded by soda (see Fig. 12). To prevent this, it is 

necessary to thoroughly dry the material after impregnation and 

to keep the carbonising chamber perfectly dry. From the fore¬ 

going, it also follows that dye-stuffs sensitive to the action of 

alkalis will suffer more or less when carbonised with magnesium 

chloride. For the most part, however, the defect can be corrected 

by after-treatment with dilute acid. 

When the piece to be carbonised is one with cotton selvedges, 

the latter must not be coated over with soda, since the resulting 

alkaline magnesium carbonate would corrode the wool. Con¬ 

sequently, in such event, the carbonising must be performed with 

sulphuric acid; or the selvedges could be dressed with sodium 

acetate. 

In carbonising with magnesium chloride, care must be taken 

that no magnesia soaps are formed in the material, since these 

render the fibre harsh and cannot be removed by washing. 

Carbonising with Aluminium Chloride (E. Joly, 1874).— 

The fabric is steeped in a 7° B. solution of aluminium chloride (as 

neutral as possible), then well dried, carbonised at 120—130° C. 

for one hour, and well washed. 

When aluminium chloride is heated by itself at 120° C., 

about four-fifths of its chlorine is driven off as hydrochloric acid. 

Here, also, an oxychloride is formed, which, however, differs from 

that of magnesium by having an acid reaction. 

As in the case of magnesium chloride, care should be taken 

to prevent the formation of a soap of the metal on the fabric; 

and, finally, it may be mentioned that a variety of carbonisation 

effects may be produced on mixed cotton and wool fabrics by 

printing with aluminium chloride. Owing, however, to the cost 

of this reagent and its lack of advantages, its use in carbonising 

is now practically abandoned. 

Carbonising with free hydrochloric acid was practised, but only 

for a short time, in Belgium. The hydrochloric acid gas, produced 

by the action of sulphuric acid on common salt in retorts, was 

conducted by means of a current of air over the wool spread out 

on frames; or a solution of the acid was sprayed over the wool 

by a revolving brush, the material being afterwards exposed to a 

high temperature. The disadvantages of the method consisted in 

the corrosion of all the metallic fittings of the apparatus, and in 

the difficulty experienced in regulating the strength of the reagent. 
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The defects of manufacture liable to be produced by the 

operation of carbonising are, as already mentioned, the stains 

developed in the subsequent dyeing, and which are due to either 

acid or alkali. 

Soda stains may result from neutralisation or from carelessness 

in carbonising with magnesium chloride, or, finally, from dressing 

the cotton selvedges with soda. They frequently appear as dark 

patches in the dyed cloth, and can almost invariably be recognised 

by microscopical examination. 

Acid stains occur solely after carbonisation with sulphuric acid, 

and show up as light patches in the dyed cloth (sometimes also 

before dyeing). If the action of the acid in these places has been 

strong, they will be found to damp more readily in water than the 

other parts of the material. These stains require a very experienced 

eye to detect under the microscope. 

However great the care bestowed on the sulphuric acid car¬ 

bonisation process, the presence of impurities is liable to cause 

acid stains; hence, in the case of such wools, it is better to car¬ 

bonise with magnesium chloride. 



CHAPTER III 

MORDANTS AND MORDANTING 

Mordants. 

In the operations of dyeing and printing fabrics a number of 

metallic salts are employed to fix the mordant dyes, in the form 

of lakes, on the fibre. The lakes are compounds of the dye-stuffs 

with metallic hydroxides. They are insoluble and very resistent 

towards reagents, and the usual method of bringing them on the 

fibre is to first precipitate the hydroxide, from a metallic salt, on 

the fibre and then dye with a suitable dye-stuff. The metallic 

salts, or hydroxides, used for this purpose are termed “ mordants/' 

and the operation of precipitating the hydroxides in and upon the 

fibre is known as “ mordanting.” 

To be of practical utility, a mordant must fulfil the following 

requirements :—Cheapness ; easy precipitation of the hydroxide ; 

insolubility in water on the part of the hydroxide, coupled with 

a certain affinity for the fibre; the resulting colour lakes must be 

of good colour and as “ fast ” as possible, i.e. capable of withstand¬ 

ing the influence of light, acids, alkalis, etc. These conditions, 

however, are fulfilled by only comparatively few metallic salts, 

and, in fact, the only mordants in practical use are the alumina, 

iron, chrome, tin, and copper mordants. The alkalis are not 

mordants, both their hydroxides and the compounds of these with 

dye-stuffs being soluble in water, and though the alkaline earths 

give insoluble colour lakes, the colour of these is poor, and they 

have no affinity for the fibres. As regards the remaining metals, 

not all of these have been examined as to their capacity for 

forming lakes. Some of them furnish good colour lakes, which, 

however, are too dear for practical application {e.g. nickel), whilst 

others, though cheap, give lakes deficient in stability {e.g. zinc). 

Some dye-stuffs yield faster lakes when other metallic salts— 

chiefly those of lime, zinc, or magnesia—are allowed to take part 

in the formation of the lake. Such salts are termed supplementary 

mordants, and are used in calico-printing with steam dyes. A 

combination of two or more fast mordants will also frequently 
95 
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produce more stable lakes (e.g. alizarine red on wool). One peculiar 

and hitherto unexplained feature is the behaviour of the alumina 

and iron mordants in presence of certain dyes, it being impossible 

to dye with alizarine (see Turkey-Eed) a fabric that has been 

mordanted with alumina or iron, unless lime salts be present. 

One and the same dye-stuff will furnish colour lakes of 

divergent shade and fastness with different mordants. The lightest 

and brightest are the tin and alumina lakes, the copper and iron 

lakes being the darkest, whilst the chrome lakes occupy an inter¬ 

mediate position in this respect. In point of stability, it is a 

difficult matter to generalise, but, as a rule, the copper and iron 

colour lakes are the fastest under the influence of light. 

The behaviour of the various textile fibres towards mordants is 

mainly dependent on their nature, and, in a secondary degree, on 

the metallic salt of which the mordant is composed. A general 

description of the behaviour of the fibres towards mordants, and 

the operation of mordanting, will therefore be given first, after 

which the special applications of the separate mordants will be 

briefly considered. 

Mordanting Wool. 

The high absorptive capacity of wool finds expression in an 

interesting manner in the mordanting process, for when wool is 

immersed in a solution dilute of some mordant, it absorbs a portion 

of the contained metallic hydroxide, leaving the remainder in 

solution, i.e. only a small proportion of the acid in the metallic 

salt present is taken up. This absorption goes on at the ordinary 

temperature, more rapidly in the warm, and most quickly and 

completely at boiling-heat. The usual manner of explaining this 

peculiarity is by saying that the wool has a power of decomposing 

salts and takes up a strongly basic salt, leaving behind a strongly 

acid salt in solution. If, however, the mordanting be performed 

in a more concentrated solution, it will be found that the pro¬ 

portion of acid taken up in comparison with the base increases 

with the strength of the bath, and when a certain degree of 

concentration is attained more acid is taken up than base. Con¬ 

sequently wool possesses an absorptive capacity for both acids and 

bases, each class of substance being taken up from the mordanting 

salt as though it alone were present, the absorption being chiefly 

dependent on the concentration and temperature of the mordanting 

bath. Wool is also able to absorb a portion of a free acid from 

solution, but its behaviour towards the mordanting hydroxides 

cannot be determined by direct experiment owing to their in¬ 

solubility in water. 
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For the above reasons the assumption that a basic salt is taken 

up in the mordanting process is untenable; and equally arbitrary 

is the hypothesis that the salts are decomposed by the wool, the 

dissociation being effected at the moment of their solution in water 

by the action of that solvent. 

From the foregoing it is evident that dilute solutions are 

necessary in the practical performance of the mordanting process, 

the object of the operation being solely to deposit a metallic 

hydroxide on the fibre; whilst the amount of acid absorbed should 

be as small as possible, owing to its unfavourable action on the 

formation of a lake and on the shade of the colour in the sub¬ 

sequent operation of dyeing. 

It has also been noticed that in the event of too rapid absorp¬ 

tion the hydroxide is generally fixed in an imperfect manner, being 

more superficial and often causing uneven dyeing. The mordanting 

should therefore be carried on slowly and gradually, on which 

account salts that are easily dissociated, like the acetates and basic 

salts, cannot be used for mordanting wool. The most suitable 

mordants are—of the alumina mordants, alum and aluminium 

sulphate; of the iron mordants, ferrous sulphate; of the copper 

mordants, copper sulphate (blue vitriol); of the tin mordants, 

stannous chloride (tin salt); and of the chrome mordants, 

potassium and sodium bichromates, and chromium fluoride. Even 

when these are used the operation will go on too fast if the 

wool be immersed in the boiling hot mordant liquor; and the 

process must therefore be pursued in the following manner:— 

The wool is first thoroughly wetted by boiling in water for half 

an hour to one hour, after which it is entered in the bath of 

lukewarm mordant, to which a small quantity of an acid substance 

has been added (see below). The temperature of the bath is then 

slowly raised to 100° C. (in about an hour) and boiling is continued 

for an hour to an hour and a half longer. Loose wool and yarn 

must be thoroughly worked about in the bath to ensure uniform 

mordanting of the whole of the fibre, and piece goods are kept in 

motion by winding. 

After mordanting, the goods are generally merely cooled down 

and the excess of liquid removed, rinsing being omitted. Loose 

wool is spread on the floor, yarn being unwound and hung up, 

and piece goods alternately folded and opened out again, and finally 

hung on a wooden frame to allow the excess of bath liquor to drain 

away. The hydro-extractor is, however, a better means of draining 

the goods. 

Before drying, the mordanted wool must be dyed, since other¬ 

wise it would have to be re-wetted for dyeing—a difficult operation 

7 
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when alumina mordants have been used. The usual custom is to 

leave the wool overnight after mordanting, the reason given for this 

procedure being, that unless allowed to stand for some time the 

wool takes more dye-stuff to dye it than otherwise. The real 

purpose of the delay, however, is apparently to give the excess of 

mordant time to drain off, since the larger the amount of this liquor 

introduced into the dye bath the greater the loss of dye through 

useless precipitation as insoluble colour lake. It is therefore more 

rational to wash the mordanted woollen material previous to dyeing, 

but it should first be allowed to get quite cold, or part of the fixed 

mordant will be sure to wash out. 

When the wool has been mordanted with a sulphate, e.g. alum or 

ferrous sulphate, it ,will always contain a little sulphuric acid; 

whereas when stannous chloride has been used the fibre takes up 

only a very little hydrochloric acid, if any at all, partly because the 

amount of this mordant used is small, and also because wool has 

probably a smaller capacity for absorbing hydrochloric acid than it 

has for sulphuric acid. Should the acid so absorbed be found to 

have an unfavourable effect on the dye, the defect may be remedied 

by adding a little ammonia, to neutralise the acid, towards the end 

of the dyeing process. This is frequently done in dyeing with 

logwood, and the same effect may be produced by means of calcium 

acetate (obtained by correcting the water with acetic acid), the 

favourable influence of which salt in logwood dyeing is thus explained. 

In the foregoing method of mordanting, it is always customary 

to add a small quantity of some acid substance to the bath, such as 

potassium bitartrate, oxalic acid, or sulphuric acid, the first named 

being most frequently used, notwithstanding its high price. The 

part played by these adjuncts has not yet been elucidated; but it is 

assumed that in mordanting with sulphates, chlorides, etc., they 

retard the dissociation of the salts in question and protract the 

absorption of the hydroxides by the fibre. In ordinary mordanting 

with potassium bichromate these acid substances play a different 

part, as will be set forth in the description of the process later on. 

When dyeing with hard water and using bitartrate, it will be 

necessary to correct the water beforehand by an addition of 5—10 

per cent, of 8° B. acetic acid, since otherwise the bitartrate would 

be neutralised by the lime in the water, and would cease to act. 

Mordanting Silk. 

Silk has a high capacity for absorbing the most divergent 

substances of acid and basic character, though this property is 

manifested in a different manner to that of wool, being greater in 
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the cold and at medium temperatures than at boiling heat; conse¬ 

quently, if an attempt be made to mordant silk in the same manner 

as wool, only a very small quantity of the hydroxide will be taken 

up. The most suitable mordants for silk are cold concentrated 

solutions of basic salts, readily dissociated by dilution with water. 

On prolonged immersion in such solutions the silk takes up a 

portion of the hydroxide and a part of the acid present—just as in 

the case of wool. On then washing the material in water, the 

unfixed excess of the mordant is removed, on the one hand, whilst, 

on the other hand, a part of the same is dissociated by the dilution, 

and a further amount of the hydroxide is fixed on the fibre. To 

complete the fixation the silk is finally entered in an alkaline bath, 

which removes the last traces of acid present, before washing. The 

operation of washing between the mordanting and the fixing pro¬ 

cesses is performed with a large volume of (preferably running) 

water, a special washing apparatus being used, consisting of a series 

of hollow, perforated porcelain cylinders. These are set parallel, 

side by side, and are caused to revolve after the silk hanks have 

been hung upon them. By means of water discharged through the 

perforations and through jets placed between the hanks, the material 

receives a thorough washing. 

The best mordants for silk are basic alum, aluminium acetate, 

basic ferrous sulphate (“ Bouil mordant ”), basic chromium chloride, 

chrome mordant GA III, and stannous chloride. 

Mordanting Cotton. 

Cotton differs from wool and silk in having practically no 

absorptive capacity for metallic hydroxides, and must therefore be 

mordanted in a different manner. There are two ways of doing 

this. In one the metallic hydroxide is deposited in and upon the 

fibre by first impregnating the latter with acetic acid, the bulk of 

which is then volatilised by drying and the remainder eliminated by 

treatment in an alkaline bath. In the other method the hydroxides 

are precipitated on the fibre as insoluble tannates or fatty-acid salts 

by first steeping the cotton with tannic acid or fatty acid, and then 

treating it with the metallic salt used as the mordant. 

The former method is used exclusively in dyeing piece goods, 

being difficult to perform with regularity in the case of yarns. 

Moreover, it is restricted to mordanting with alumina and iron. 

The modus operandi is as follows:—The cottons are first impreg¬ 

nated in a thoroughly uniform manner, with a dilute solution of 

aluminium acetate or iron pyrolignite in a padding-machine, the 

operation being termed “ padding.” 
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In the padding-machine sketched in Fig. 23 the goods are 

unwound from the roller a and passed over the stretcher b to the 

trough c, which contains the mordant and three guide rollers d; 

thence the piece passes between the wringer rollers e, /, and is 

finally wound on the roller g, All the rollers are of wood, and 

their trunnions rest on sloping arms h, so that the roller g, which 

is driven by the upper wringer roller, can move slowly upwards in 

proportion as its diameter increases in consequence of the cloth 

being wound upon it. The upper wringer is weighted by the 

weight m, which acts through the levers i, l, and the rod &, the 

length of the latter being adjustable by turning the extension 

screw n. 

With light goods a single passage through the padding-machine 

is sufficient, but heavy goods require to be put through twice. 

This done, the piece, instead of being wound on the roller g, as 

shown in the figure, is led (over as few guide rollers as possible) 

up and down through a gently heated chamber, known as the 

“ hot flue,” where it is dried sufficiently to make it fit for transport. 

In this manner the cotton retains the mordant acetate in an 

almost entirely unaltered condition. The amount depends on the 

concentration and on the pressure exerted by the wringers, this 

being usually adjusted so that the goods retain about their own 

weight of mordant solution. The next stage is to hang the 

goods in a warm chamber, extending through several storeys in 

the building and heated by steam pipes laid on the floor, covered 

by a layer of spars. A second set of heaters is preferably arranged 
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above the ceiling, to prevent the goods being spotted by condensed 

moisture. In addition to a high temperature, a certain degree of 

moisture in the atmosphere is necessary to the due performance of 

this process, for which purpose water vapour is introduced into 

the chamber by allowing drops of water to trickle on to the 

heating-pipes from perforated pipes mounted just over the latter. 

The degree of moisture is registered by a suitable hygrometer. 

Ventilation is provided by means of air-pipes reaching from the 

floor up to above the level of the roof. The printed goods are 

hung in this chamber for about forty-eight hours, at a temperature 

of about 30° C., the wet bulb of the thermometer indicating some 

3-4° lower. 

This operation is often styled the “ oxidation process,” pro¬ 

bably because it is frequently employed for developing aniline 

black, in which case oxidation actually occurs. When the goods 

have been mordanted with acetate, the acetic acid is volatilised in 

the hot chamber, leaving the metallic hydroxide deposited on the 

fibre in the finely divided state necessary for the subsequent 

dyeing. When iron is used, a gradual oxidation to ferric hydroxide 

also occurs. It is essential that this process should be carried on 

in a very gradual manner, since, if the hydroxide be fixed rapidly 

—for example, by steaming for a short time—the colours will come 

out less full and handsome in dyeing. 

To thoroughly fix the hydroxide, the residual traces of acid 

must be removed by a mild alkali, for which purpose the goods 

are next “ dunged ” by passing them over guide rollers through 

several vats—at least two—containing a decoction of cow dung 

and levigated chalk (see Fig. 24). This decoction is prepared by 

boiling 4 parts by weight of cow dung and 0*3 part of levigated 

chalk in 7 parts of water for about two hours. The first vat is 

charged with 8 cwt., and the second with 6 cwt, of the pre¬ 

paration, the temperature being maintained at 60° and 50° C. 

respectively. When about 600 yards of material have been passed 

through the vats, the baths are replenished with about 30 lb. of the 

preparation. The goods remain in the bath for about two minutes. 

The levigated chalk and the faintly alkaline substances present 

in the cow dung neutralise the residual traces of acid in the 

material. 

Many attempts have been made to replace cow dung by faintly 

alkaline salts, such as ammonium carbonate, sodium phosphate, 

arsenite, silicate, etc., but though these all act in the desired direction 

the best colours are still obtained by the use of cow dung. This 

may probably be attributable to the mucinous condition imparted 

to the water by the substances dissolved out of the dung, in con- 
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sequence of which no scouring action is exerted on the goods during 

their passage through the bath. The best substitute for cow dung 

out of those named above is ammonium carbonate, employed in the 

state of a 2 per cent, solution, and at ordinary temperature. 

The mordanting process is completed by swilling off the 

impurities collecting on the fibre in the dung bath, and by a 

thorough washing. 

Similar in principle, but less objectionable in performance, is 

the mordanting of cottons with chromium bisulphite or chromium 

acetate, the goods being padded with the dissolved mordant, and 

fixed with boiling hot soda solution after drying. 

Mordanting with the assistance of tannic acid or fatty acids 

will be described later on in dealing with these fixing agents. 

The Mordants used in practice are—salts of aluminium, iron, 

chromium, tin, or copper. The two last named are the least 

important, the principal mordants now used being those of the 

chromium group. 

Alumina Mordants.—These are employed in the production 

of the following colours:—Alizarine red and alizarine orange, on all 

three classes of fibre; alizarine rose-red on cotton; amethyst, with 

cochineal, on wool; yellow shades with natural dye-stuff's; log¬ 

wood blue on wool; and certain mixed shades, with alizarine and 

other dye-stuffs, on cottons. 

In most cases the alumina mordants should be free from iron, 

the iron lakes being darker and duller in colour than the alumina 

lakes, so that, if present, even a small amount of iron would suffice 

to dull the colours produced by the aid of alumina mordants. For 

instance, alizarine gives a brilliant red with alumina mordant, but 

a dull violet lake with iron ; consequently a handsome alizarine 
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red can only be developed when iron is absent. According to the 

researches of Lunge and Keler, the aluminium sulphate used for 

dyeing alizarine red should not contain more than O'OOl percent, of 

Fe. For the preparation of a 6° B. aluminium acetate for alizarine 

steam red, the aluminium sulphate may contain up to 0*005 per 

cent, of Fe without any ill effect on the colour. 

The most important salt of alumina is alum (A12(S04)3K2S04 

24H20), which is used both per se and in the preparation of 

other alumina mordants. Its active constituent is aluminium sul¬ 

phate, the potassium sulphate playing no important part. Hence 

aluminium sulphate can also be used as a mordant, and, indeed, is 

preferable, inasmuch as it can now be obtained at a relatively 

lower rate, in comparison with the percentage content of alumina 

present, than alum. The latter continues to be used, however, in 

many places, its crystalline form being considered to afford a better 

guarantee of purity. Nevertheless, the commercial sulphate in 

lumps is also, for the most part, free from iron, but, its composition 

being irregular, needs checking by analysis. 

Alum and aluminium sulphate are the only alumina mordants 

used for wool. The quantity of alum taken varies from 6 to 12 per 

cent., according to the nature and intensity of the dyeing, and it is 

employed in conjunction with 2—5 per cent, of potassium bitartrate 

or oxalic acid and a 30—40-fold quantity of water; the above per¬ 

centages being calculated to the weight of wool under treatment. 

Alum, as such, is unsuitable for mordanting silk and cotton, 

its sulphuric acid preventing the fixation of the hydroxide, unless 

previously neutralised, to some extent, by an alkali. A partly 

neutralised alum solution of this kind is known in practice under 

the name “ basic alum,” the assumption being that it contains a 

basic salt of alumina. Thus, for example, if one molecule of 

sodium bicarbonate be taken to neutralise the sulphuric acid in 

one molecule of alum, the reaction ensuing may be expressed by 

the following equation 

A12(S04)3 + Na2C03 + H20 = A12(S04)2(0H), + Na2S04 + C02. 

Here, as in other cases where a basic salt is formed in an 

analogous manner, the formula deduced for the resulting salt from 

the equation is hypothetical only, and expresses the degree of 

neutralisation produced by the alkali. 

With regard to the production and behaviour of these basic 

salts in general, and not merely those of alumina, the following 

observations may be made:—In their preparation, the dissolved 

alkali—generally soda—is added by degrees to the solution of the 

salt to be rendered basic, and kept stirred, any resulting precipitate 
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being redissolved by warming. This, however, is not always possible. 

The more strongly basic the mordant, the more readily does it 

undergo dissociation into the corresponding hydroxide or allied 

insoluble salt. This dissociation is accelerated by heat and dilution. 

Both the different mordants and the various salts of one and the 

same metal behave in a very divergent manner under this treat¬ 

ment ; moreover, the capacity for dissociation of basic salts is 

appreciably influenced by the presence of extraneous salts. For 

instance, the basic salts of alumina dissociate more readily when 

they contain potassium sulphate, so that the basic alumina mordants 

prepared from alum dissociate more readily than those obtained 

from aluminium sulphate. 

The alumina mordant for silk is prepared (according to the 

prescription of the Badische Anilin- und Sodafabrik) with a solution 

containing 60 grms. of alum and 6 grms. of soda crystals per litre.1 

After the addition of the alkali to the alum solution the liquid is 

warmed until the resulting precipitate has redissolved, whereupon 

the silk is entered in the bath, worked about for ten to fifteen 

minutes, and left in soak for at least twelve hours. It is then 

well wrung or drained in the hydro-extractor and entered in a bath 

of B. sodium silicate, worked about for a quarter of an hour, and 

carefully washed. The silicate treatment causes the deposition of 

aluminium hydroxide, and not aluminium silicate, on the fibre. 

For mordanting cotton with alum, concentrated solutions are 

used, containing 100—200 grms. of aluminium sulphate per litre 

(10 to 20 per cent.), and are neutralised as far as possible with 

soda. Further particulars on this point will be given in treating 

of the fixing agents (fatty acids). 

Aluminium acetate is prepared by dissolving aluminium hydroxide 

in acetic acid or by decomposing alum or aluminium sulphate with 

lead acetate. When three molecules of lead acetate are taken to 

one molecule of aluminium sulphate, normal aluminium acetate is 

produced— 

A12(S04)3 + 3Pb(C2H802)2 = A12(G2H302)6 + 3PbS04, 

but on lowering the proportion of lead acetate sulphacetates are 

formed— 

A12(S04)3 + 2Pb(C2H302)2 = A12S04(C2H302)4 + 2PbS04. 

For use as a mordant, it is unnecessary that the whole of the 

sulphuric acid present in aluminium sulphate should be thrown 

1 These proportions correspond to one molecule of sodium carbonate per three molecules 

of alum, and the resulting alumina salt will have the formula A16(S04)8(0H)2. In making 

calculations of this kind, the water of crystallisation in the different substances must 

not be forgotten. 
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down; in fact, it is preferable in practice to select the proportions 

in the preparation of aluminium acetate so that a sulphacetate is 

produced instead of the normal acetate. Generally not more than 

a half to three-quarters of the total sulphuric acid is removed. 

For use in calico-printing these mordant solutions are made 

as highly concentrated as possible, one method adopted being to 

dissolve the one salt and add the other in the condition of powder. 

For example, a 15° B. mordant can be obtained by dissolving 

1 part by weight of aluminium sulphate and 1 part of lead acetate 

in 2 parts of water, this solution being diluted according to 

requirements, and occasionally rendered basic by an addition of 

chalk. 

The various acetates may be diluted with water without under¬ 

going dissociation; a few of them throw down a deposit when 

heated, but this is redissolved on cooling. 

The aluminium acetate mordants are chiefly used in calico- 

printing, and also in piece dyeing cottons. For Turkey-red dyeing, 

solutions of 2—3° B. strength are used. 

Silk can be mordanted with 6° B. aluminium acetate just as 

well as with basic alum. 

In the case of wool these salts are not used as mordants, but 

are employed as waterproofing substances in the dressing process. 

For dull colours the pure salt is replaced by the cheaper 

aluminium pyrolignite. 

Aluminium sulphocyanide is prepared, by double decomposition, 

from alum or aluminium sulphate and barium or calcium sulpho¬ 

cyanide— 

A12(S°4)3 + 3Ba(CUS)2 = 3BaS04 + A12(CNS)6. 

It is used to replace aluminium acetate for alizarine steam red 

in calico-printing, since it does not corrode the steel doctors of the 

printing machine and does not introduce iron into the printing 

colours. As, however, it readily corrodes cotton fibre when hot, 

the printed goods must be hung some time previous to steaming. 

The salt has no other uses. 

Sodium aluminate (NaO. AlO) is prepared by dissolving alumi¬ 

nium hydroxide in caustic soda and neutralising the excess of the 

latter. On account of its strongly alkaline reaction, this mordant 

can only be used for cotton, for which purpose it has several advan¬ 

tages over the other aluminium mordants. For instance, an alizarine 

red developed by its aid is less susceptible to the influence of iron 

and heat, and is easier to discharge. In mordanting cotton, the 

pieces are impregnated with a solution of sodium aluminate, dried, 

and passed through a warm solution of ammonium chloride (sal 
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ammoniac), whereby aluminium hydroxide is precipitated on the fibre. 

It is used for Turkey-red in the Schlieper and Baum method— 

though then fixed in a different manner—and also as an adjunct 

to naphthol preparations for nitraniline red, as well as being 

employed as a reserve under aniline black. 

Aluminium fluoride forms a good mordant for wool, the colours 

being brighter than with alum; it is not used, however, in practice. 

Of the other salts of alumina only the nitrate, chloride, and 

chlorate need be mentioned. These are used in calico-printing, the 

nitrate sometimes for alizarine steam red, the other two for red 

discharge on vat blue with alizarine. Aluminium chloride is also 

used in carbonising (q.v.). 
Iron Mordants.—These play a most important part in black 

dyeing all three fibres with logwood; they are also used for dyeing 

wool brown with dye-woods, and on cotton for catechu and several 

alizarine dyes, for alizarine violet in calico-printing, for green with 

nitroso dyes, for Berlin-blue and chamois on cotton, and for darken¬ 

ing sundry tannin dyeings. The salts used as mordants are ferrous 

sulphate (green vitriol), iron pyrolignite, and so-called iron nitrate. 

Ferrous sulphate and “ Salzburg vitriol ” (a mixture of ferrous 

sulphate and copper sulphate) are the only iron compounds used 

for mordanting wool. When the dyeing is for logwood black, a 

preliminary mordanting is given; in other cases the darkening 

method is practised. (See Dyeing.) 

On cotton, ferrous sulphate is fixed on the fibre by means of 

tannic acid {q.v.); it is no longer in use for silk, except sometimes 

for black. 

Finally, this salt is also used as a reducing agent in the so-called 

vitriol vat. 

Iron pyrolignite is prepared by dissolving scrap iron in crude 

pyroligneous acid, and forms the most important and almost the 

sole iron mordant for calico-printing. In cotton-dyeing it is 

used according to the two methods already described, the solution 

employed for dark colours being only a few degrees B. in 

strength. 

The chief constituent of iron pyrolignite is ferrous acetate, 

which, however, in the pure state is not a good mordant for 

cotton, being too readily oxidisable, and consequently poorly fixed 

on the fibre. The pyrolignite, on the other hand, forms a good 

mordant owing to the presence of other matters which retard the 

oxidation of the acetate. With the same object, and also to retard 

the fixation of the hydroxide, it is customary to add a solution of 

arsenic in acetic acid. Sometimes, however, e.g. for pale chamois 

(and also for alizarine violet), pure ferrous acetate, prepared from 
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ferrous sulphate and lead acetate, is employed; this product 
frequently contains an excess of lead acetate, which then comes 
down as lead hydroxide in with the iron chamois and lightens the 
shade. 

When iron pyrolignite is used for mordanting piece cottons 
along with aluminium acetate, the latter should be as free as 
possible from sulphuric acid, since otherwise ferrous sulphate will 
be formed, and this is difficult to fix. In silk-dyeing, the pyro¬ 
lignite is used for black, and is fixed with tannic acid (q.v.). For 
wool, it is used onty in the case of pelts, etc., that are mordanted 
cold. 

Iron nitrate is the name given to a class of mordants produced 
by the action of nitric and sulphuric acids in variable quantities on 
ferrous sulphate, and consisting of a mixture of neutral and basic 
ferric sulphates and ferric nitro-sulphates. 

The following proportions of the said reagents are used in the 
preparation of normal ferric sulphate:— 

6FeS04 + 3H2S04 + 2HN03 = 3Fe2(S04)3 + 2NO + 4H20. 

By using less sulphuric acid, e.g. only half the above quantity, 
a basic ferric sulphate is obtained— 

12FeS04 + 3H2S04 + 4HB03 = 3Fe4(S04)5(0H)2 + 4IST0 + 4H20. 

By employing more nitric acid, nitro-sulphates are produced. 
In reality these mordants do not contain any nitrates, and the 

term by which they are known is therefore inaccurate. They are 
put on the market in the form of reddish brown concentrated 
solutions, frequently containing free nitric acid. 

The fixation of these mordants on the cotton fibre is effected by 
the aid of tannic acid, as in the case of iron pyrolignite. Their 
principal application is in the black dyeing of silk, for which pur¬ 
pose a mordant is prepared, the composition of which nearly corre¬ 
sponds to the formula in the above equation, viz. Fe4(S04)5(0H)2, 
and which is known as “ Bouil mordant/’ The method of use 
differs according as the silk is in the raw, souple, or scoured state. 
The last named is mordanted in the following manner 

The silk is immersed in a 30° B. solution of the mordant for 
about an hour, after which it is taken out, unwound, and carefully 
wTashed, preferably in hard running water. 

These operations are usually repeated several times over, the 
final fixation of the mordant being effected in a boiling hot soap 
bath. The mordanted silk must not be allowed to dry, or it will 
be corroded by the mordant. Baw and souple silk are mordanted 
in a weaker solution, and, for the sake of cheapness, the fixing is 
generally performed with soda instead of soap. 
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Chrome Mordants.—At the present time the chrome mordants 

are the most important in use, many dyeings formerly mordanted 

with alumina or iron salts being now treated with chrome salts 

instead; and, with the exception of a few of the alizarine dyes, all 

artificial mordant dye-stuffs are fixed with chrome mordants ex¬ 

clusively. Their chief use is in the fast dyeing of wool. 

These mordants differ greatly in behaviour from the iron and 

alumina mordants, being, on the one hand, more difficult of dissocia¬ 

tion, and therefore harder to fix on the fibre, whilst, on the other 

hand, the combination of the fixed chromium hydroxide—i.e. the 

formation of the colour lake—is effected more readily. As regards 

the first-named property, this comes in evidence already during the 

treatment of the solution with alkaline substances, the quantitative 

precipitation of the hydroxide generally requiring the temperature 

of boiling-heat for its accomplishment, a property that is termed 

“ passivity towards precipitants ” In the case of the iron and 

alumina mordants, the acetates give up the hydroxide more readily 

than the sulphates, the converse being, however, the case here. 

The chromium acetates are so difficult to decompose that they 

cannot be used like the acetates of alumina and iron. 

A further peculiarity of the chromium salts is that they exist 

in two modifications, one violet and the other green, which differ in 

their behaviour towards precipitants and also in mordanting. It is 

assumed that the violet solutions are neutral salts, whilst the green 

solutions contain a mixture of acid and basic salts. The trans¬ 

ference of the one modification into the other is an easy matter. 

The aforesaid passivity towards precipitants was for a long time 

a hindrance to the employment of the chromium salts as mordants 

for cotton. 

The chrome mordants consist of the following salts :—Chromium 

acetate, bisulphite, fluoride, basic chloride, alkaline chrome solutions, 

potassium and sodium bichromate, and chromic chromate. Unlike 

the corresponding salts of iron and alumina, chromium sulphate and 

chrome alum are unsuitable for mordanting wool, the dyeing being 

irregular unless plenty of potassium bitartrate is used as well. 

Chrome alum, a cheap by-product of alizarine manufacture, forms a 

raw material for the production of other chromium salts. 

Chromium acetate is produced, by double decomposition, from 

chrome alum and lead acetate. As was the case with aluminium 

acetate, the product is not the normal acetate but a sulphacetate, 

and only about one-half to two-thirds of the sulphuric acid present 

in the chromium sulphate is precipitated. These compounds are 

almost exclusively used as chrome mordants for steam dyes in calico- 

printing ; for mordanting cotton their use is restricted to piece goods. 
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The above-mentioned properties of the chromium salts are 

exhibited in a high degree by the various chromium acetates. The 

green solutions undergo gradual conversion into the violet form, the 

latter being more difficult to decompose. The behaviour of these 

salts, therefore, alters during storage; they have also the property 

of dissolving lead sulphate, this power increasing with their 

basicity. 

Similar behaviour is exhibited by the chromium sulphocyanides, 

which, however, are rarely used (in calico-printing) as mordants. 

Chromium bisulphite is prepared by treating a solution of 

chrome alum with an excess of sodium bisulphite or calcium 

bisulphite, and is used in mordanting cotton piece goods, for which 

purpose it is the most suitable of any of the chrome mordants. 

Chromium fluoride, like the bisulphite, has only recently been 

introduced into practice as a mordant, and is now highly esteemed 

for treating wool, being especially valuable in cases where the 

oxidising action of potassium bichromate renders this latter un¬ 

suitable. An additional advantage of the fluoride is that it mordants 

the wool fibres in a very ready and uniform manner, without 

affecting their spinning properties or the feel of the resulting 

goods. It is used both for mordanting before dyeing and for 

after chroming {see Mordant Dye-Stuffs), the mordanting bath in 

the former case consisting of 4 per cent, of chromium fluoride and 

1—2 per cent, of oxalic acid (counted on the weight of the goods), 

and the operation being performed in the same manner as for 

wool in general. 

Chromium fluoride corrodes both glass and metals, and must 

therefore be stored in wooden vessels. When employed in copper 

dye vats, its action on that metal may be prevented by hanging 

strips of sheet zinc in the vessel. 

A basic chromium chloride may be prepared by dissolving 

chromium hydroxide in chromium chloride, and is used for mordant¬ 

ing silk and cotton yarns. In mordanting silk (according to the 

recipe of the Badische Anilin- und Sodafabrik) the goods are 

immersed for six hours in a 20° B. solution of chromium chloride, 

then washed in plenty of water, treated in a cold bath of 1° B. 

sodium silicate for a quarter of an hour, unrolled, and carefully 

washed. 

The mordanting of cotton yarn with this reagent is effected in 

two ways—in one, the yarn is impregnated with the mordant 

solution, dried, and passed through a boiling hot solution of soda; 

whilst in the other, the hydroxide is fixed by the aid of tannic 

acid or oleic acid. {See Fixing Agents.) 

Alkaline chrome solutions are obtained by dissolving chromium 
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hydroxide in caustic soda, or by treating a dissolved chromium salt 

with sufficient caustic soda to redissolve the precipitate first formed. 

On account of their strongly alkaline reaction, their use is restricted 

to cotton. This fibre is mordanted by impregnating it with a 

solution of this kind and leaving it to stand for twenty-four hours, 

finally washing with water to get rid of the excess of the solution. 

Potassium bichromate, often called “ chromate of potash,” is 

the most important of all the chromium salts, and plays a great 

part in the dyeing and printing of fabrics, its applications being 

many and varied. As a mordant its employment is restricted to 

wool, for which it forms the principal reagent of this class. 

The chroming of wool has been the subject of considerable 

study, the results obtained being as follows:—If wool be mordanted 

by bichromate alone, the material absorbs chromic acid, leaving 

a normal chromate behind in the bath. Since the composition 

K2Cr04 + Cr03 must be ascribed to the bichromate in aqueous 

solution, the wool apparently takes up only the free chromic acid 

present, and therefore it is usual to increase the activity of the 

bath by an addition of sulphuric acid, which liberates chromic 

acid from the normal chromate, this extra acid being then absorbed 

by the wool: K2Cr04-j- H2S04 = Cr03 + K2S04-|-H20. 

Thus rather less than 1 part by weight of sulphuric acid is 

required (theoretically) for 3 parts of bichromate; and this propor¬ 

tion is employed in practice, inasmuch as the solution used contains 

3 per cent, of bichromate and J-l per cent, of sulphuric acid 

(calculated on the weight of wool) with a 30-40-fold quantity 

of water. For very dark shades—especially when dyeing with 

polyoxyanthraquinone dyes (alizarine cyanines, etc.)—4-| per cent, 

of bichromate and 1-| per cent, of sulphuric acid are used. The 

bath is never exhausted, a considerable quantity of chrome being 

left behind. 

The precise form in which the chromic acid is contained in 

the wool is unknown, but, from the yellow colour of the mordanted 

fibre, it is assumed that a portion of the acid is in the free state. 

On prolonged storage, especially exposed to light, an appreciable 

reduction to chromic oxide occurs, and this circumstance may lead 

to subsequent irregularity in dyeing. 

It is assumed that the mordanting action of the chromic acid 

is confined to the portion reduced to the state of chromic oxide 

by the wool and the dye-stuff. 

The method described is but seldom advantageous, more hand¬ 

some colours being obtained when the sulphuric acid is replaced 

by potassium bitartrate or oxalic acid. In such event, as may 

be concluded from the green colour of the mordanted wool, a much 
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more extensive reduction of the chromic acid to chromium hydroxide 

occurs ; and that this is actually the principal effect of these adjuncts 

is evident from the fact that these two reagents may be success¬ 

fully replaced by other organic substances. Finally, mention may 

be made of the following fact:—When wool mordanted with 

bichromate and sulphuric acid is treated with a reducing agent, 

such as bisulphite, it turns green, and then gives the same results 

in dyeing as though mordanted with bichromate and bitartrate. 

For this purpose the wool may be treated with 5 per cent, of 

commercial bisulphite solution for ten to fifteen minutes in a luke¬ 

warm bath. 

The circumstance that wool mordanted with bichromate and 

sulphuric acid generally furnishes dull colours may be explained by 

the assumption that the chromic acid oxidises a portion of the dye¬ 

stuff to discoloured products. 

The adjuncts, bitartrate and oxalic acid, do not behave alike, the 

former usually giving purer colours than the latter, and being there¬ 

fore more often used, notwithstanding its higher price. A purer, 

semi-crystal form of the bitartrate is employed for specially brilliant 

shades. The mordant for dark tones consists of 4 per cent, of 

potassium bichromate and 3 per cent, of bitartrate, whilst for 

lighter shades 1 per cent, of each is taken. 

In some cases the other adjuncts to the chrome bath are 

equal, and even superior, to bitartrate; thus, in mordanting hat 

bodies for light shades, oxalic acid is preferable on account of 

its cleansing properties; for dark shades with alizarine red and 

alizarine orange, sulphuric acid is the best adjunct to the bath, 

as giving very fast colours to milling. 

Latterly, the use of a concentrated solution of lactic acid has 

been warmly recommended in many quarters as a substitute for 

bitartrate, and in fact it is both well adapted for this purpose 

and cheap. According to C. H. Boehringer’s recipe, the mordanting 

bath in this case consists of 1^- per cent, of bichromate, 3 per cent, 

of lactic acid, and 1 per cent, of sulphuric acid. 

A consideration of some practical importance is the fact that 

light shades are rendered faster towards light when mordanted 

with chromium fluoride than with bichromate and one of the 

above adjuncts. The only explanation of this is by the assump¬ 

tion that wool mordanted with bichromate always retains part 

of the chrome as chromic acid, which then acts destructively on 

the dye in presence of light. 

Bichromate is an important agent in cotton-dyeing and calico- 

printing; it is used as an oxidising agent for aniline black, for 

catechu dyeing, to improve the fixing of certain tannin dyeings, 



112 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

as a discharge for vat blue, and finally for the production of 

chrome yellow and orange on the fibre. 

Sodium bichromate is very similar to the potassium salt; from 

which it differs only in its hygroscopicity, ready solubility, and 

cheapness; it may therefore advantageously replace potassium 

bichromate. According to E. Knecht, the only instance in which 

the behaviour of the two is different is in the mordanting of wool. 

The commercial grade of this salt is of variable composition, and 

should therefore always be checked by analysis. 

Chromic chromates are put on the market in three marks— 

GA I, GA II, GA III—by the Hochst Farbwerke, the two first 

grades being suitable for mordanting cotton by the following 

method:—Before use, the mark GA I is diluted with 2—4 parts of 

water, the goods being then immersed for twelve to twenty-four 

minutes, and carefully washed with water. Before rinsing, it is 

advisable to treat them with a weak per cent.) solution of 

soda for twenty to thirty minutes at 60° C. Piece goods are 

impregnated with the solution by padding, then wound on a 

roller and left covered up, the remainder of the treatment being 

as already described. 

The GA II mordant can be fixed on the fibre by a gentle steam¬ 

ing or hanging in the oxidising chamber, and is better adapted for 

piece goods. The mordant is diluted with four times its own 

volume of water, and receives an addition of 8 to 10 per. cent its 

volume of glycerine; in this solution the goods are padded, then 

steamed for ten to twenty minutes without pressure, and finally 

treated as in the preceding case. Both these mordants are sensitive 

to light, a circumstance that should be borne in mind when they 

are being used. 

Finally, the mark GA III is recommended for wool-printing and 

for mordanting silk, the latter being steeped for twelve to twenty- 

four hours in the mordant solution—previously diluted with about 

four volumes of water—and washed after lifting. 

Tin Mordants.—As independent mordants the tin compounds 

are of inferior importance; they are used for producing bright 

yellows with natural dye-stuffs, for cochineal scarlet on wool, to 

improve the brightness of alizarine red on cotton, and for a fast acid 

red with santal-wood on cotton (in mixed wool and cotton goods). 

The chief of these salts are the chlorides—stannous chloride or 

“ salts of tin,” and stannic chloride—and sodium stannate. 

Stannous chloride is the most important mordant for wool. 

The bath is prepared with 1J to 4 per cent, of stannous chloride 

and 2 to 4 of oxalic acid or bitartrate, and the operation is 

generally conducted by the single bath method. The use of tin 



MORDANTS 113 

mordants, however, lowers the capacity of the dyes for resisting 

the action of the milling process. 

In the case of silk, stannous chloride is used, not for mordant¬ 

ing, but for loading the fibre in black dyeing with cutch (catechu); 

whilst for cotton it is employed to brighten the colour in Turkey- 

red dyeing. 

By reason of its reducing action, stannous chloride forms an 

important discharge in calico-printing. It is also used in the 

production of the so-called “ carmines,” i.e. colour lakes prepared 

by precipitating dye-wood extracts with stannous chloride 

A certain amount of care is required in dissolving this salt in 

water, owing to its tendency to separate out, in part, in the form of 

an insoluble basic salt (SnOHCl). The best way is to dissolve in a 

minimum of water and hydrochloric acid, in an atmosphere of carbon 

dioxide. 

Stannic chloride (tetrachloride) is the chief tin mordant for 

cotton and silk. On cotton it is fixed by the aid of tannic acid 

(q.v.). The method of mordanting silk with this salt—though 

seldom used—is as follows:—The silk is steeped for one hour in a 

clear 32° B. solution of stannic chloride, after which it is well 

washed with water and treated in a hot bath of soap and soda—or 

of the latter alone, according to the quality of the silk,—followed 

by another washing. Stannic chloride is very largely used for 

loading white or light-coloured, silks. The method formerly adopted 

was that just described for mordanting with tin, but this has now 

been generally superseded by the following, which enables a heavier 

loading to be obtained. The silk, after passing the tin bath and 

the subsequent washing, is immersed in two baths at 50° C.—one 

hour in each—the first consisting of an 8° B. solution of sodium 

phosphate, the second of a 6° B. solution of sodium silicate. By 

this means the weight of the silk is increased by 18 to 20 per cent., 

or still more if the operation be repeated. Any stains produced in 

the silicate bath may be removed by ammonia. The tin escaping 

in the washing water may be recovered by precipitation with lime. 

Formerly the so-called “ pink salt ” (SnCl42NH4Cl) was largely 

used for the same purposes as stannic chloride. A crystallised 

chloride (SnCl45H20) is also sold under the above title. 

Sodium stannate is frequently styled “ preparing salt,” owing to 

its employment in preparing fabrics for printing. Its chief use is 

in printing woollens, its employment for cottons being now mainly 

confined to the so-called “ Luccas.” 

Jute, also, is often prepared for printing by the aid of sodium 

stannate, the fabric being first padded with a w'eak solution of this 

salt (then dried, in the case of vegetable fibres), and then passed 

8 
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through dilute sulphuric acid, which precipitates stannic acid on the 

fibre; the process concludes with a thorough washing. 

Sodium stannate is often used to brighten the colours in 

Turkey-red dyeing. 

Various tin mordants, formerly playing an important part in 

dyeing,—under the name of “ tin solution,”—can be obtained by 

dissolving tin in different proportions of nitric and hydrochloric 

acid. At present only one of these is used to any extent (for 

producing cochineal scarlet on wool), viz. the so-called “ scarlet 

acid.” This is prepared in various ways, the following recipe, how¬ 

ever, giving a mordant that produces an excellent scarlet:—16 

parts by weight of tin are dissolved in 50 parts of nitric acid, 15 

parts of hydrochloric acid, and 78 parts of water, the metal being 

added by degrees. As considerable heat is evolved by the reaction, 

the mixture will require to be cooled when prepared in the 

summer. 

Of the other compounds of tin, the following find a limited 

application in calico-printing as adjuncts for steam alizarine red, in 

order to enliven the colour and protect it against the dulling effect 

of iron :—Tin hydroxide, in the form of “ tin paste ” (prepared from 

stannic chloride and soda) ; tin sulphocyanide ; tin acetate (prepared 

from stannous chloride and lead acetate, or by dissolving stannous 

hydroxide in acetic acid); and tin oxalate (by dissolving stannic 

hydroxide in oxalic acid). 

Copper Mordants.—These mordants play a small but im¬ 

portant part in dyeing, their colour lakes being extremely fast, if 

not particularly handsome. At present copper mordants are rarely 

used alone, but are mostly associated with iron or chrome mordants 

in black-dyeing wool and cotton, in dyeing cotton with cutch, and 

for a few single-bath brown-dyeings with natural dye-stuffs on wool. 

In some of these cases, e.g. cutch, they act not merely as a mordant, 

but also as an oxidising agent. 

Copper sulphate, or blue vitriol, is the only copper salt employed 

for the above purposes. In dyeing with aniline black, and as a 

reserve under vat blue, it acts solely as an oxidising agent; finally, 

it also serves for “ coppering ” with many substantive dyes, in order 

to increase their fastness to light; its action in this connection has 

not been elucidated. 

Of the other copper compounds, the sulphide is used as a carrier 

of oxygen in dyeing with aniline black. 

Amongst other metals, mention may be made of zinc, nickel, 

lead, manganese, lime, and magnesia. Zinc gives good colour lakes 

with a number of dye-stuffs, but the only form in which it is used 
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in practice is as zinc sulphite for alizarine steam blue in calico- 

printing, in which case it furnishes a handsomer though less 

stable colour than is obtainable with chrome mordants. 

The salts of nickel have several times been proposed as 

mordants for alizarine, but their high price has hitherto hindered 

their use. 

Lead was in use for some time in fixing eosine dyes on cotton, 

but does not give very good lakes, and at the present time only the 

acetate is of practical importance, this salt being employed in the 

preparation of other acetates, for chrome yellow and orange, and as 

an adjunct to reserves under vat blue. 

The supplementary mordants already referred to comprise salts 

of lime, magnesia, manganese, and zinc. In some dyeings—alizarine 

red, for instance—lime in particular plays an important part, its 

presence being essential to the mutual combination of the alizarine 

and the alumina. In other cases, e.g. many steam dyes in calico- 

printing, the supplementary mordants serve to increase the fastness 

of the colours produced by the aid of other mordants. They are 

used in the form of acetates. 

Manganese salts are used solely in the production of a brown 

colour, manganese bistre. Finally, in the form of potassium per¬ 

manganate, this metal finds employment as a bleaching agent. 

The Fixing Agents (Acid Mordants). 

I. The Tannic Acids. II. The Oleic Acids. 

A whole series of bodies, such as tannic acids, many oleic acids, 

albumin, precipitated silica, etc., have the property of fixing a 

certain class of dye-stuffs on cotton, for which they otherwise have 

but a slight affinity. Of the foregoing substances only the first 

three are of any practical importance, and one of them, albumin, 

will be described later, its use being restricted to calico-printing. 

The tannic acids and some oleic acids play a very important 

role in the dyeing and printing of cotton, where they are used for 

fixing basic dyes and mordants. Their mode of action is only 

partly understood, though the formation of an insoluble tannic or 

fatty acid compound of the metal must be assumed when a metallic 

oxide is fixed by the aid of a tannic acid or a fatty acid. How¬ 

ever, in the case of fixing basic dyes, no chemical combination 

between the colour base and the tannic or oleic acid is probable. 

At all events, the part they play is not so important as that of the 

mordants in the case of the adjective dyes, and for this reason they 

have received the distinctive title of “ fixing agents,” though some 
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colour chemists, in the assumption that a combination occurs 

between the colour base and the tannic or oleic acid, class, them 

as “ acid mordants.” 

1. The Tannic Acids. 

The vegetable kingdom furnishes a number of substances pos¬ 

sessing very similar properties. They have an acid character, and 

act as precipitants of egg albumin, gelatin, alkaloids, etc. A few 

of them are used for tanning leather, on which account they have 

received the group name of “ tannins ” or “ tannic acids.” 

The chief tanning materials are oak bark, gall nuts, cutch, 

sumach, chestnuts, myrabolans, divi-divi, etc. 

Gall nuts are diseased excrescences produced on various plants, 

notably the oak tree, by insect punctures. They furnish the best 

known and, for the dyer’s purpose, the most important of the 

tannic acids, viz. tannin, which is obtained by extraction with 

water, alcohol, and ether. The tannin is chiefly in the aqueous 

extract, and is recovered by evaporation. On evaporating to 

dryness a solution of tannin, to which alcohol and ether have 

been added, in slowly thickening liquid froths up under the 

influence of the escaping vapour and finally leaves a very loose 

mass, which comes into commerce as powdered tannin, and is 

held in high esteem on account of its ready solubility in water. 

“ Tannin in needles ” is the commercial crystalline form, and is 

prepared by evaporating to syrupy consistence a solution of tannin, 

drawing it out into threads, drying these on heated metal drums, 

and finally comminuting the product. 

Gallotannic acid contains as its most active ingredient a 

digallic acid, resulting from the condensation of two molecules 

of gallic acid, the condensation being assumed to proceed on the 

following lines:— 

n TT (°?)3_ 

OH 

CM 
0 H 

2(OH)2 
COOH 

r tt (0H)s 
h2o = 

/O 
C6H2(OH)9 

COOH 

Cutch, or catechu, is employed as a dye-stuff and tanning 

material. 

Sumach is composed of the leaves and twigs of a shrub of the 

Rhus family, the best quality being furnished by Rhus coriaria 
(Sicily, Spain, the Balkans, etc.). Latterly it has also been sold 

in the form of a 30° B. extract. It contains gallotanic acid. 
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Chestnut extract is obtained from the wood of the horse- 

chestnut. 

Myrabolans are the fruit of various trees (Myrabolanus chebula, 
etc.) occurring in China and the East Indies. 

Divi-divi is the name given to the fruit of Ccesalpinia coriaria, 

Willd., found in the West Indies and South America. 

Of all these substances the most important for the dyer are 

tannin, sumach, and cutch; of the rest, chestnut extract is princi¬ 

pally used in black-dyeing silk. 

All tanning materials exhibit a tendency to turn, on oxidation, 

into yellow or brown dye-stuffs, which have an affinity for cellulose. 

They are all therefore more or less strongly coloured, except tannin, 

which can be prepared quite colourless, and is therefore the only 

one that is suitable to use for light and bright shades. Of late, 

however, a decolorised sumach extract has been put on the market, 

and is adapted to replace tannin in most cases. 

When exposed to the air, dilute solutions of tanning materials 

oxidise and deposit a brown precipitate, and therefore should not 

be kept stored. 

In working with tannic acids, care should be taken to keep 

them out of contact with iron, since they form a dark-coloured 

compound with that metal. 

Application of Tannic Acids to Cotton. 

The employment of these substances in cotton-dyeing is prin¬ 

cipally based on their absorption by this fibre. On cotton being 

immersed in an aqueous solution of tannin, a portion of the tannic 

acid is gradually and uniformly taken up by the fibre. After some 

time the absorption ceases, a state of equilibrium then existing in 

respect of the distribution of the tannic acid between the water 

and the fibre. In any case, the amount absorbed is only very 

small, the absorption being least at boiling-heat, and most at a 

not very precisely determined medium temperature of about 

40° C. 

Other factors influencing the absorption are—the quantity of 

water, tannic acid, and cotton present, the influence being exerted 

in a very regular manner, which is quite analogous to the absorp¬ 

tion of dye-stuffs by textile fibres, and in accordance with the law 

of distribution, which will be more fully discussed in dealing with 

the theory of dyeing. The higher the proportion of tannic acid 

and the lower that of water taken, in comparison with the amount 

of cotton present, the larger the quantity of tannic acid absorbed. 

The necessary consequence of this behaviour is, that the fixing 
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baths must contain as little water as is compatible with the 

dissolving of the tannin or sumach. 

If the cotton be washed with a large volume of water after 

passing through the tannin bath, nearly all the absorbed tannic 

acid will be driven out again, and consequently no more than a 

gentle rinsing is permissible. 

Cotton treated with tannin is then capable of fixing basic dye¬ 

stuffs, inasmuch as it takes up the colour base and leaves the acid 

behind in the bath. Both these dyeings and the precipitates 

ensuing, on treating the corresponding dye-stuff solutions with 

tannin, are soluble in water as well as in an excess of tannic acid; 

consequently, the tannic acid salts of the colour bases cannot be 

fixed on the fibre. However, if the cotton be treated in a solution 

of a metallic salt after passing the tannin bath, there is formed 

an insoluble metallic tannate, firmly adherent to the fibre, and far 

more capable than free tannic acid of absorbing basic dyes from 

solution, and fixing them so as to stand washing. Whether under 

these conditions there occurs any chemical combination with the 

tannic acid attached to the metallic oxide is unknown, and is, 

moreover, improbable, since the absorption of the colour bases goes 

on with great readiness, even at the ordinary temperature. 

This important method of fixing basic dyes on cotton was dis¬ 

covered by John Dale and Thomas Brooke in the “sixties.” It is 

generally effected by the aid of tartar emetic as the metallic salt, 

the operation being performed in the following manner:—The 

cotton yarn is first well damped with hot water, and then left 

overnight in a hot solution of tannin or sumach, the amount of 

tannin varying—according to the depth of colour in view and the 

nature of the dye-stuff to be used—within somewhat wide limits: 

about 1-10 per cent, of the weight of the yarn, the usual amount 

being 2—4 per cent. For darker shades sumach is used; and 

it may be taken for granted that 3—4 parts, by weight, of 

sumach extract are equal to 1 part of tannin. Sufficient water 

should be used to just cover the yarn, and a hot bath has the 

advantage of expelling all the air out of the material, and thus 

facilitating impregnation. Moreover, in this case the gradual cool¬ 

ing of the bath during its sojourn overnight will enable it to retain 

for a longer period the medium temperature already mentioned as 

the most favourable for the absorption of tannic acid by cotton. 

After the cotton is taken out of the bath, it is well drained, 

and is then worked about in a bath containing, on the average, 1—2 

per cent, of tartar emetic, i.e. about half the weight of the tannin 

used, and is finally washed with care. According to results obtained 

by Falke, only per cent, of tartar emetic is required to fix 2 per 
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cent, of tannin, and only 1 per cent, to fix 6 per cent, of tannin, thus 

showing that a large excess of tartar emetic is used in practice. 

This is, however, no particular drawback, as it ensures the thorough 

fixation of the tannin; and as the tartar emetic bath is used over 

and over again, there is no waste of antimony. 

After a slight tannin treatment, the cotton is only left in the 

tartar emetic bath for about ten minutes, the time being increased 

from a quarter to half an hour when a stronger tannin bath has 

been used. The rapidity of the fixing process is in direct ratio to 

the concentration of the tartar emetic solution. 

Cotton piece goods should not be left to stand in the tannin 

solution, but are wound through a 5—20 per mil. solution of 

tannin by means of a jigger (q.v.) for some time, and then treated 

in the same way in a strong solution of tartar emetic; or the pieces 

are drawn through a warm concentrated solution of tannin, then 

wound up on a roller, left to stand for one to two hours, and fixed 

in the same manner as before. 

Although the process of fixing with tannin and tartar emetic 

has been known and practised in various ways for a long time, 

some uncertainty still prevails as to the best temperature for the 

tannin bath, and the time required for arriving at the state of 

equilibrium in the distribution of the tannic acid between the fibre 

and the water. The tartar bath is used cold, lukewarm, and hot, 

and equal uncertainty prevails as to the best temperature for the 

formation of the antimony tannate, and the amount of tannin to 

be brought on the fibre, in any given instance. Weber, it is true, 

elaborated a method for estimating the amount of tannin required 

to ensure the complete precipitation of the different basic dyes from 

solution; but the method itself is difficult of performance, and, 

besides, necessitates the previous determination, in each case, of the 

amount of tannic acid taken up by the cotton. 

Since the badly fixed dyeings with basic dyes on cotton are 

of very low stability, it is always well to use more tannin and 

antimony than are absolutely needed, the baths being used again. In 

the case of the tannin bath, the liquor may be recuperated by 

adding a very small fraction of the original charge, the quantity 

absorbed being so small. The tartar emetic bath should always 

contain a readily detectable amount of antimony, and be free from 

acidity and dirt. The water used for dissolving the tartar emetic 

should be pure. Acidity in this bath is the result of an accumula¬ 

tion of potassium acid tartrate, owing to the absorption of the 

antimony by the cotton. It may be neutralised by an addition of 

chalk, which is preferable, for this and similar purposes, to any 

other alkaline substance, inasmuch as it dissolves only just in the 
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same proportion as the acid salt is formed. Old tartar emetic baths 

contaminated with dissolved dye-stuffs must be clarified by settling 

or filtration before use again. 

The tannin and antimony fixing process has not suffered much 

alteration since its first introduction. Other organic acids, e.g. 
benzoic acid and phthalic acid, are able to fix basic dyes on cotton; 

but the colours obtained are deficient in fastness, though handsome, 

so that none of these substances has found any practical application. 

For some time zinc sulphate was used to replace tartar emetic in 

fixing tannin; but the colours were less fast, and, indeed, no other 

metal is as good as antimony for this purpose. Other antimony 

compounds equally as suitable as tartar emetic are—antimony 

hydroxide, potassium-antimony oxalate, and antimony fluoride, in the 

form of double salts, etc., which have been frequently recommended 

as “ tartar emetic substitutes,” and employed as such. 

Antimonyl potassium oxalate (SbK3(C2H4)3.4H20) may be used 

to replace tartar emetic, weight for weight, notwithstanding its far 

smaller percentage of antimony ; and, being readily soluble, is also 

suitable for reserves under basic dyes. 

The introducers of the last-named salt (Koepp & Co., of 

Oestrich-on-Bhine) have also put on the market a double fluoride 

of antimony and sodium (SbF3. NaF) as a substitute for tartar 

emetic; 658 parts by weight of the new salt being equivalent to 

1000 parts of the old. 

The “antimony salt” of E. de Haen (List, near Hanover) cor¬ 

responds to the formula SbF3. (NH4)2S04, and 9 parts are equivalent 

to 10 parts of tartar emetic. 

The double fluorides of antimony are strongly acid, and must 

therefore be neutralised before use. 

The property of tannic acid for forming, with the metallic 

mordants, insoluble salts that adhere to the fibre of cotton renders 

it very valuable as a fixing agent for mordants, the method of 

application being to first treat the cotton in a bath of tannin or 

sumach and then in a cold solution of the mordant used. Iron, 

tin, and alumina are fixed on the fibre in this manner, the method 

being chiefly valuable for yarn-dyeing. 

For fixing iron, the following procedure is adopted :—The cotton, 

after being treated with sumach, is passed through lime-water and 

then immersed in the iron mordant solution for a quarter of an hour 

to an hour, according to the amount of sumach used, the process con¬ 

cluding with a washing, preferably in hard water or water con¬ 

taining chalk, to neutralise the acid. The lime bath treatment 

produces calcium tannate, the neutralisation of the acid thus 

facilitating the formation of iron tannate in the subsequent iron 
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mordant bath. The method is modified in various ways, the 

lime-water treatment sometimes following the iron bath, whilst in 

other cases chalk is added to the iron bath itself. The iron 

mordants used for this purpose are—ferrous sulphate, pyrolignite, 

and nitrate, a few degrees Baume in strength. As iron tannate is 

of a greyish colour, the cotton treated in this way will also be 

grey or black, which is the reason why the use of iron in this con¬ 

nection is restricted to the production of dark shades. Blues fixed 

with tannic acid and antimony are often passed through an iron 

solution when required to be darkened. Iron tannate is also 

employed as an independent dye, an iron-grey of this kind being 

produced in yarns, notwithstanding that it hardens the fibre. The 

only use for iron, fixed with tannic acid, as a mordant is in black¬ 

dyeing. 

For mordanting with tin, the cotton after passing through the 

tannin bath is treated for about half an hour in a cold solution of 

stannic chloride (2—5° B. strength) and then washed with water 

containing lime. 

As a fixing agent for alumina the sole use made of tannic acid is 

in Turkey-red dyeing (q.v.), where it is employed to make the colour 

lake faster. 

Application of Tannic Acid to Silk. 

In silk-dyeing, tannic acid is used for loading the fibre, fixing 

the iron, and solidifying the colour. 

Except in the case of light shades, the loading of silk by tannic 

acid is effected solely by the aid of sumach extract or chestnut 

extract. Some prefer to load after dyeing, but generally the 

loading and dyeing are combined in the same bath. The most 

favourable temperature for the absorption of tannic acid by silk 

is about 70° C. 

For ordinary black-dyeing on silk (q.v.) the tannic acid is 

supplied by catechu, which serves both as a loading material and 

as a fixing agent for the iron. Souple silk is often loaded, and 

simultaneously mordanted with iron, by alternate treatment with a 

solution of tannin (principally chestnut extract) and a bath of iron 

pyrolignite. After the iron bath the silk is exposed to the air for 

a short time (about half an hour) in order to oxidise the ferrous 

tannate. The treatment with tannin and iron is often several times 

repeated, the strength of the later tannin baths being increased, and 

the operation being concluded with a washing in hard water. 

After repeated use the iron baths become acid through the libera¬ 

tion of pyroligneous acid, which is then neutralised by an addition 

of iron filings enclosed in a bag. 
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The solidifying process is employed to improve the fastness of 

the dye, and is performed by immersing the dyed silk in a luke¬ 

warm 8 per cent, tannin bath until the latter has become cold, 

whereupon the silk is washed, passed through a 4 per cent, bath of 

tartar emetic, again washed, and finally revivified. {See Dyeing.) 

In the case of wool the tannic acids are very little used, and 

then only in the form of sumach for a few single-bath dyeings with 

natural dyes. (See Mordant Dyes.) 

2. The Oleic Acids. 

These substances are almost exclusively used for cotton. The 

earliest application of fatty bodies in dyeing occurred in the Turkey- 

red industry, which, even at the present time, consumes large 

quantities, chiefly of the sulphonated “ tournant ” oil class, to 

perfect the fastness of the colour by fixing the alumina of the 

colour lake, etc. (See Turkey-Red.) 

The so-called Turkey-red oil was first introduced about the 

middle of the nineteenth century. It is prepared by treating olive 

oil or castor oil (ricinus oil) with concentrated sulphuric acid, the 

proportions employed varying from lj to 4 parts of acid per 

10 parts of oil, more acid being used in winter than in summer. 

The method of procedure is, however, the same all the year round, 

the acid being poured slowly into the oil, with constant stirring, and 

the whole then left to stand until a sample of the product is found 

to dissolve completely in water, whereupon the whole is poured into 

water and washed with a solution of common salt to remove the 

excess of sulphuric acid. The residual acid is neutralised with soda 

or ammonia. 

While the acid and oil are being mixed, the temperature must 

be prevented from rising above 40° C., since otherwise the acid 

will exert an oxidising action, a condition revealed by the copious 

evolution of sulphur dioxide, in which case the product will be 

dark in colour and furnish poor results in dyeing. 

Good Turkey-red oil should dissolve to an almost perfectly 

clear solution in water; any slight turbidity formed can be re¬ 

moved by the aid of ammonia. 

As the name indicates, Turkey-red oil is mainly used in Turkey- 

red dyeing, where it serves to increase the brightness and fastness 

of the colour. Its composition formed the subject of numerous in¬ 

vestigations by Liechti and Suida, Muller-Jacobs, P. Juillard, and 

many others, who devoted a great deal of attention to a thankless 

task in the hope of elucidating the process of Turkey-red dyeing. 

It is found that by the action of sulphuric acid on castor oil, 
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under the conditions prevailing in the production of Turkey-red oil, 

a large proportion of the oil is left unaltered, whilst another portion 

furnishes a sulphoricinoleic ester and ricinoleic acid; in addition, 

sulphonated glycerine ether and polymerised compounds (poly- 

ricinoleic acids) may also be formed, according to the conditions 

(temperature!) of the operation. These products, however, have 

little practical effect in Turkey-red dyeing. 

This was first demonstrated by P. Lochtin, who obtained with 

an acid ammonium ricinoleate just as good a red as with Turkey- 

red oil. Similar “ acid soaps,” obtained by treating a dissolved soap 

with a quantity of acid just insufficient to produce separation of the 

fatty acids, are now largely used to replace Turkey-red oil; and it 

would seem that the practical value of the use of sulphuric acid in 

preparing Turkey-red oil from castor oil is confined to rendering the 

latter soluble. 

Turkey-red oil forms a good fixing agent for mordants, but its 

practical application in this direction is confined to the fixing of 

alumina by various methods. For Turkey-red, for example, the 

fibre is first impregnated with a strong solution of Turkey-red oil 

(by the same appliances as were used in the old red-dyeing 

process), and then dried, the cotton being afterwards immersed for 

some time in a solution of basic alum or aluminium acetate, and 

finally washed with water containing chalk (to neutralise the acid), 

followed with pure water. Piece goods are left rolled up for some 

time after passing the alum bath, to facilitate the fixing of the 

aluminium fatty acid salt. 

The fixing process is also effected in other ways, a solution of 

soap being frequently used in place of the Turkey-red oil; for 

instance, the cotton is steeped for several hours in a solution of 

basic alum, then lifted, drained, and treated with a hot soap 

solution, followed by washing, the whole procedure being repeated 

if necessary. 

Turkey-red oil can also be used for fixing basic dyes on 

cotton, but the resulting colours are less stable, though more hand¬ 

some, than those obtained by the tannin - antimony process. The 

goods may be impregnated with Turkey-red oil, and then dyed 

after drying; or, better still, the oil is fixed as above, with alumina. 

Practically, however, this method is only of value in the case of 

rhodamine, which dye-stuff gives only a dull lilac when fixed with 

tannin and antimony, but a beautiful rose-red when fixed with 

Turkey-red oil. In this special case the following method is 

adopted:—The cotton is first treated for ten minutes in a 10 per 

cent, solution of Turkey-red oil, and, after draining and drying at 

a moderate heat, is worked about several times in a 6° B. solution 
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of aluminium acetate (or aluminium sulphocyanide), followed by 

draining and drying. After rinsing, the mordanting operations are 

repeated in the same baths, and the goods slightly rinsed again, 

the dyeing being finished before they are allowed to dry. 

Another very frequent use of Turkey-red oil is in the pre¬ 

paration of cotton piece goods for calico-printing (q.v.). 

Application of Oleic Acids to Silk. 

These substances are used for two purposes in silk-dyeing, viz. 

for brightening the colours and for softening the fibre. 

In the first case use is made of an emulsion of olive oil or 

“ tournant oil,” more or less strongly acidified. (See Acid Dye- 

Stuffs.) 

For softening purposes, especially in the case of “ souple ” 

silk, the so-called “ deux huiles ” (two oils) are used, consisting of a 

mixture of equal parts of sulphuric acid and olive oil. The acid is 

poured slowly into the oil, which is kept rapidly stirred, the mixture 

being diluted with warm water, when bubbles begin to form ; and 

the silk is drawn through this bath for a short time, whereby it is 

immediately softened. The usual proportions are 2 per cent, of oil 

(calculated on the weight of the silk) and an equal quantity of acid. 

{See also Application of Acid Dye-Stuffs to Silk.) 



CHAPTEE IY 

DYEING 

For the sake of convenience, the diversified subject matter of this 
chapter has been divided as follows:— 

I. Theory of colour ; combination of colours ; dyeing to pattern. 

II. Theory of dyeing. 

III. Classification of the dye-stuffs; methods of dyeing. 

IV. Dyeing textile fibres on the large scale. 

Y. Trial dyeings; colorimetric determinations; reactions of 

dye-stuffs on the fibre; tests for fastness. 

I. Theory of Colour; Combination of Colours; Dyeing to 
Pattern. 

It is usual to regard the colour of any substance as a special 

property of that substance, inherent to and dependent on its nature 

solely; but what we are accustomed to call the true colour of any 

object depends not upon itself alone, but on the eye of the observer 

and on the light rays by which the object is illuminated. Colours 

have no real existence, but are mere subjective impressions that 

we receive from the light falling upon the object in question. It 

is more than probable that no two persons receive exactly the same 

impression from the observation of any colour, even though they 

employ the same word to express it. 

This divergence in the vision of colours may extend to colour¬ 

blindness, or the incapacity for distinguishing between widely 

different colours—generally red and green. A still more important 

part in this connection is played by light, since the colour of any 

object is nothing more or less than that portion of the impinging 

light that is reflected by the object. The light we have solely to 

consider is that of the sun, which is composed of light rays of all 

colours. If this light be allowed to fall on a glass prism it will be 

analysed into its constituents, the various light rays undergoing 

different degrees of refraction, and in this manner we obtain a 

coloured strip containing all the colours present in sunlight, each 
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one separated from the others. These are known as “ the colours 

of the spectrum/’ and if the same light rays be reunited we again 

obtain white light. 

Again, certain colours of the spectrum will furnish white light 

if united in pairs; and such colours are termed “ complementary 

colours,” their arrangement being as follows:— 

Eed and bluish green. 

Orange and greenish blue. 

Yellow and blue. 

Greenish yellow and violet. 

Green and red violet. 

White is therefore not a colour capable of physical definition, 

but is merely a mixture of sensations, a physiological phenomenon, 

caused by the incapacity of the human eye for analysing a mixture 

of various light rays as the ear distinguishes the several notes in a 

musical chord. This incapacity for distinguishing between simple 

and compound colours is not confined to white, but extends to all 

other colours as well, the eye receiving merely a total impression; 

in fact, so little is the organ in question capable of differentiating 

between colours simultaneously impressed on the retina, that the 

effect of a uniform colour can be produced by a skilful blending 

of several different colours, as is actually done in Parisian Gobelins 

fabrics. 

Consequently when we speak of the true colour of an object, 

this term merely implies that the object has the property of 

absorbing all the rays in sunlight except those corresponding to 

the said true colour. For this reason it will appear of a different 

colour if illuminated by another kind of light. Thus, for example, 

a red object illuminated by a white light compounded of blue and 

yellow rays will absorb both these colours, and appear to be no 

longer red, but black. 

The colours of all terrestrial objects, as also of all natural and 

artificial dye-stuffs, are neither so homogeneous nor so intense as 

the colours of the spectrum. For instance, there is no single red 

that—like the red of the solar spectrum—consists solely of this 

colour without any admixture of yellow or blue. Again, since such 

colours lack the intensity of those of the spectrum, their mixtures 

do not furnish a white—like the complementary colours of the 

spectrum—but a more or less dark grey. 

Grey is therefore a white of low intensity; whilst, considered 

from a physical standpoint, black is not a colour at all, its intensity 

being nil. Therefore when we view a white surface the sensation 

of light is so intense that the formation of a clear conception thereof 
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becomes difficult, such an effect being unattainable by our natural 

and artificial dye-stuffs. A further consequence of this is that the 

dye-stuffs or any other coloured materials destroy more of the 

impinging light than pure white bodies. Hand in hand with this 

absorption of light proceeds the absorption of heat by the colour, a 

circumstance that may account for the known faculty possessed by 

the blind of distinguishing between colours by touch. 

The comparative intensity of colours can be determined and 

expressed in numerical values by the aid of a very simple piece of 

apparatus. For this purpose a circular white disc is divided into four 

sectors, two of them being then painted a deep black, as shown in 

Fig. 25. On setting this disc in rapid rotation, the mixed impres¬ 

sions of black and white produces the sensation of grey, the intensity 

of which is evidently determined by the angle of the two white 

sectors. If we set down the intensity of white as 1 and that of 

black as zero, the grey resulting from the rotation of the disc 

in Fig. 2 5 will have the intensity = -g-. To measure the 

intensity of any colour, the two opposite 

sectors of a white disc are painted over with 

that colour, and the remainder of the disc 

painted with a complementary colour, the 

angles of the painted sectors being then 

varied until a grey is obtained on rotating 

the disc. By determining the intensity of 

this grey in the manner described above, we 

have a measure of the intensity of the two 

colours on the painted disc, when it is recalled 

that these intensities are inversely proportional 

to the dimensions of the angles of the respective sectors. Hence 

if the two complementary colours are of equal intensity, exactly 

one-half of the disc must be painted over with each in order to 

produce a grey on the disc being set in rotation. On comparing 

the various available colours by this means, their intensity will be 

found to vary considerably, there being, for example, no single 

blue, green, or violet equal in intensity to the yellow of lead 

chromate. 

In everyday life, as also in the dyeing and printing industries, 

an entirely erroneous conception exists as to the meaning of the 

“ intensity ” of a colour, this being generally confounded with depth 

of colour—a totally different property. Thus, for example, if a 

blue be mixed with black, it becomes deeper in colour, but not more 

intense, the intensity of black being nil. In this way dark dyeings 

may be produced with a very little dye-stuff; and as the beauty of 

the colour is improved by the admixture of an absolute black, a 

Fig. 25. 
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black of this kind would be very valuable, provided it also possessed 

the other qualities demanded of a good practical dye-stuff. With 

such a black it would be possible to produce a series of dark shades 

much handsomer and more cheaply than is obtainable by existing 

methods. On mixing colours with blacks of the kinds now avail¬ 

able, the following modifications are produced:— 

Yellow with black gives brown. 
Green „ „ olive. 
Red ,, „ red brown. 
Blue ,, „ grey blue. 

If the intensity of the colours be reduced by applying them in 

thinner layers, they suffer a peculiar change of tone, becoming 

poorer in red. Thus, orange becomes yellow, blue turns more 

greenish blue, etc. Therefore, if it be desired to lighten a colour 

without altering its tone, it must receive an admixture of red. 

The knowledge of which colours are complementary to each 

other is of considerable practical value. In dyeing textile fibres 

the colours are mostly produced by combining two, three, or even 

more dye-stuffs,—mode colours, for instance, being generally obtained 

by combining yellow, red, and blue, the dye-stuffs used having to 

fulfil two principal requirements—suitability for combination and 

good equalising properties. Most of the dye-stuffs of any one group 

will combine well together; but dyes that require a strongly acid 

bath will combine badly with such as have to be dyed in a neutral 

or weak acid bath. Equalising implies the uniform distribution of 

the dye throughout the fabric, etc., without difficulty. 

In addition, however, certain other factors have to be con¬ 

sidered, such as fastness to light, the shade, brilliancy, and price of 

the dye-stuff; so that it is sometimes a matter of difficulty to fix 

upon the most suitable dyes for a given colour. 

Occasionally in combination dyeing a hitherto unexplained 

phenomenon is noticed, some unstable dye-stuffs giving fast colours 

when combined with other dyes, e.g. the case with methyl-violet 

along with alizarine on cotton. 

If a fabric be dyed with a blue, a yellow, and a red dye-stuff 

in certain proportions—entirely dependent on the properties of the 

dye-stuffs themselves, such as tone, productivity, and affinity towards 

the fibre—a grey will be produced. Hence these three colours 

should be complementary. However, yellow and blue have already 

been given as complementary, and should therefore suffice to give 

a grey when combined; the addition of red should consequently 

furnish a brownish red. To find an explanation of this apparent 

paradox it should be remembered that the colours at our disposal 

are not homogeneous, green being present both in blue and yellow. 
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On the two being mixed together, one complements the other 

and grey is formed, but now the green present in both makes 

itself apparent, and we have, instead of grey, a greenish colour.1 

Now, in presence of the red, this latter combines to form a grey 

the red and green being complementary colours. If in such a 

combination the yellow preponderates, a yellowish grey, drab, or 

brown will be produced, a predominance of blue giving a greyish 

blue, and so on. The colours resulting from combinations of only 

two of these colours can be easily deduced: blue and yellow 

furnish green; blue and red, a bluish red or violet; yellow and 

red, orange. 

Knowledge of such combinations mostly finds its application 

in dyeing to pattern, which consists in producing a colour that 

shall exactly match a given pattern. 

In many dyeings only a single dye-stuff is employed, but if 

the dyeing is to be strictly to pattern, the aid of other dye-stuffs 

has often to be sought in order to obtain the desired tint. Thus 

if in dyeing a blue, for example, the colour has come out rather 

greener than the pattern to be matched, it must be shaded off 

by adding a small quantity of red or violet. A bluish black can 

be shaded or converted into coal black by the aid of a yellow 

dye. 

One circumstance in particular occasionally renders dyeing to 

pattern a really difficult task, namely, that a simple comparison 

with the pattern immediately after dyeing is not sufficient, it 

being necessary to take into consideration the changes the colour 

is likely to suffer in the subsequent operations of washing, drying, 

finishing, etc. This necessitates an accurate acquaintance with 

the behaviour of the particular dye-stuff in question—a knowledge 

only to be acquired by practice. Thus if it be known, for 

instance, that a given yellow dye has the property of becoming 

greener in the subsequent operations, then, in order to arrive at 

an exact match to the pattern, it will be necessary to at first dye 

somewhat redder than the required shade. 

Occasionally, too, it is necessary to dye a colour over with 

a small quantity of another dye-stuff, particularly when it is desired 

to increase the brightness of the colour. In such event a bright 

dye of the same shade and with good equalising properties is used. 

The comparison of a dyeing with the original pattern is known 

as “ matching ”; and in this operation the following considerations 

must be borne in mind :— 

1 On mixing yellow and blue—not substantially, but in the state of the sensations 

produced by both colours on the retina—a grey is obtained, as may be demonstrated 

by the rotating disc aforesaid. 

9 
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1. Colours have a different (generally darker) appearance on 

the wet material than on the dry fibre; consequently, in matching, 

a small piece of the dyed material must be taken and dried ; though, 

with practice, wet matching is possible. 

2. The general and particular appearance of the two specimens 

must be compared, so as to enable an immediate judgment to be 

formed as to their similarity or difference. The longer the eye 

looks at colours the less sensitive does it become to slight differences 

between them. 

3. The samples should never be viewed by artificial light, but 

always by diffused daylight. Even in this case, however, one and 

the same colour will sometimes have a different appearance, this 

being more particularly observable in the case of certain aniline 

drabs on wool, which appear greener at one time and more reddish 

at another, according to the lighting of the place where the 

inspection is made. 

Finally, it should be mentioned that in harmonising colours 

(in cloth-printing) the best results will be obtained when the 

colours in juxtaposition are mutually complementary; also, that 

the brighter colours ought to be allotted a correspondingly smaller 

space than the others, in order to prevent the total effect being 

spoiled by the predominance of one or two of the colours. 

2. Theory of Dyeing.1 

The two principal factors influencing the method of performing 

any operation of dyeing, and the behaviour of the colour when 

finished, are the dye-stuff and the fibre. Dye-stuffs behave variously 

in dyeing, the difference being dependent on their chemical com¬ 

position and on the nature of the fibre to which they are applied. 

An examination of the classified dye-stuffs shows that the 

mutual relation of the members of each class depends more on a 

single property held by them in common than on their constitution. 

Thus all the numerous acid dyes, be their constitution never so 

divergent, behave in a perfectly analogous manner when applied 

to the different textile fibres, and exhibit no fundamental differences. 

This they evidently owe to their acid character, due to the presence 

of sulpho-, nitro-, and hydroxyl groups, the last named playing the 

principal part in this connection. 

The basic dye-stuffs, whether azo compounds like chrysoidine 

or belonging to the triphenylmethane derivatives like fuchsine, all 

1 The following sources have been drawn upon in compiling this section :—Georgie- 

vics:—Mitth. Techn. Gew. Mus. Wien, 1894, p. 165; ibid. pp. 205-220, 349-361 ; 

Monats. f. Chem. v. 15, p. 705-717 ; 16, pp. 345-350. Lehne’s Farber Ztg. 1895-96, 

pp. 17-18. Chemiker Ztg. 1895, p. 426. 
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exhibit the same pigmentary character, thanks to the one or more 

amido groups present in each. 

The substantive dyes, without exception, contain both acid and 

basic groups at the same time. Their capacity of dyeing cotton 

direct must be sought in the basic part of their molecule. 

In the case of the mordant, or adjective, dyes, the relation 

between their constitution and their capacity for dyeing mordants 

has not yet been thoroughly investigated. This much is certain, 

that here also the hydroxyl groups play the principal part, this 

property being due to a special quality, and not to their acid 

character alone, since otherwise the far more strongly acid sulpho 

groups would exhibit a similar influence, which is not the case, 

the capacity of a dye for fixing with mordants being diminished 

by the presence of sulpho groups. 

The insoluble dyes, like the developing and albumin dyes, can 

only be compared with the other groups when in their developed 

and finished state. 

However different the various dye-stuffs and fibres may be, all 

dyeings have so much in common, in respect of their method of 

production and their behaviour, that they must be regarded as 

belonging to the same type of phenomenon, their difference being 

merely one of degree and not of principle. 

As regards the method of production, the following observations 

apply 
The dye is taken up gradually by the fibre—and best in the 

warm—the operation being complete in a short time, usually 

within the hour. At the expiration of this period no more of 

the dye is absorbed, even though the fibre be left in the bath 

for days. The slower the rate of absorption the greater its power 

of withstanding the influence of washing when once fixed on the 

fibre, though this only applies within certain limits. A portion 

of the dye always remains behind in the bath, this proportion 

being the greater the larger the amount of water and dye present 

in relation to the quantity of fibre and the degree of instability 

—as regards the influence of washing—of the dye itself. The 

larger the quantity of dye taken up by a fibre, the, less is it 

capable of absorbing a further amount of the same; consequently, 

the first portions of dye are absorbed more rapidly and with 

greater energy, and therefore adhere more firmly to the fibre. 

The latter has a tendency to absorb relatively more dye from 

dilute than from concentrated solutions; and a light shade of 

dye is always relatively faster to washing than a darker shade 

produced by the same dye-stuff. If it be attempted to re-extract 

absorbed dye from the fibre by means of water, the following 
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characteristic phenomenon is observed, namely, that, with extremely 
rare exceptions, this removal is incomplete, even when enormous 
quantities of water are used, thus showing that the dyeing process 
is by no means an entirely reversible one in the majority of 
instances. 

When several colours are applied to the same fibre, the amount 
of each finally absorbed is independent of the order in which they 
come into action. It is therefore immaterial, so far as the final 
result is concerned, whether the several dye-stuffs be applied together 
or in succession; though it is essential that the same bath be used, 
that the dyes taken do not precipitate one another from solution, 
and also that the fibre be immersed in the bath until equilibrium 
is established as regards the distribution of the dye between the 
fibre and the dye-bath. This, however, as a general thing, only 
applies to hot dyeings; in dyeing at the ordinary temperature, a 
superposition, or overlaying of one dye above another, may some¬ 
times occur. 

This behaviour of dye-stuffs in dyeing must be based on some 
definite law, which may be ascertained by the quantitative examina¬ 
tion of the distribution of a dye between the fibre and the bath. 
By determining how much dye has been taken up by the fibre, and 
how much is left in the bath, and calculating from these data what 
quantities of dye are contained in equal weights of the fibre and 
the bath liquor, we obtain two values, which may be expressed by 
Cf. (fibre), and Cb. (bath). The quotient Cf. -P Cb. is termed the 
coefficient of distribution, and its dimensions depend on the nature 
of the dye-stuff and fibre, the temperature of the dyeing process, and 
the concentration of the bath liquor in relation to the amount of 
fibre treated. The rule is that the coefficient of distribution slowly 
sinks as the concentration of the bath increases. 

If this diminution of the coefficient of distribution be actually 
quite uniform, then, for mathematical reasons, the expression 

- must possess a constant value independent of the concen¬ 

tration. This is, in fact, actually the case in two instances, viz. 
the dyeing of silk with indigo-carmine at boiling-heat, and in dyeing 
mercerised cotton with methylene blue in the cold. 

When it is considered how varied are the circumstances and 
factors coming into play in these two dyeings, and that a gradual 
reduction of the coefficient of distribution is also noticed in 
numerous other instances of dyeing, there will be no hesitation in 
according the above expression the dignity of a law, which, how¬ 
ever, for reasons that cannot be argued out in detail here, only 
applies in its full extent to light and medium colours. 
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The aforesaid peculiarities of the dyeing process find their 

precise mathematical expression in the formula 

= a constant, 
Cl 

the “ law of distribution,” and can also be deduced therefrom. 

Furthermore, the value of the root-sign x affords a measure of 

the affinity of the dye for the fibre, and naturally varies for 

different dyeings, being greater in proportion as the affinity of 

the dye-stuff for the fibre increases. 

From this law of distribution follows the practically important 

fact that the absorption of the dye—especially those that are not 

taken up readily—is primarily dependent on the volume of the 

bath liquor. It would therefore be more correct to apportion the 

weight of dye taken to the volume of the bath liquor, and not, as 

is the usual practice, to the weight of goods to be dyed. 

Another circumstance, and one that has not yet been mentioned, 

influences the dyeing of the textile fibres, namely, their fibrous 

structure. If a textile fibre be dyed in its fibrous condition* and 

in the state of powder, it will be found that the powder takes up 

more dye in the cold than the fibrous form, this resulting from the 

greater amount of surface exposed. In the warm, the conditions 

are reversed, the fibrous structure in this case offering the greater 

resistance to the extractive action of the bath water. As a matter 

of fact, it is invariably found that materials dyed in the state of 

fibre exhibit greater fastness to washing than such as have been 

dyed in the state of powder. 

How great is the importance of structure in dyeing is most 

clearly seen in the case of bodies with only very slight affinity for 

dyes, by dyeing them with substantive dyes, in both forms, structural 

and amorphous. A good example of this is afforded by asbestos, 

which, in the powdered state, absorbs little or no dye, but takes up 

a fair amount in the fibrous condition. 

Structure introduces a new factor into the dyeing of textile 

fabrics, namely, capillarity, the influence of which, as may be 

gathered from the foregoing, is favourable. Nevertheless, it does 

not effect any modification of principle in the nature of the dis¬ 

tribution of the dye between fibre and dye-bath, and consequently 

the law of distribution . = K is independent of the 
C fibre 

structure, the influence of the latter only coming into play in the 

value of K. Finally, the favourable influence of structure on 

dyeing is also made manifest in the phenomenon of equalising 

(q.v.). Some dyes equalise very well, so that any patchiness 
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becomes thoroughly obliterated as dyeing progresses, a transference 

of dye occurring from one part of the fibre to another—apparently 

favoured by the structure—until the distribution is uniform. The 

cause of this phenomenon is, however, deeper, and can be deduced 

from the law of distribution in the following manner:—Let us 

assume that a sample of stuff to be dyed has first been bound 

round in one particular place, and is then immersed in a solution 

of a good equalising dye until equilibrium ensues. On then 

untying the stuff, and immersing the undyed portion again in the 

dye-bath, what happens ? That portion which was protected from 

the action of the dye enters into mutual reaction with the dye-bath, 

and continues to absorb dye until equilibrium is accomplished in 

accordance with the law of distribution. The bath, however, is 

thereby weakened, and thus the equilibrium between the bath and 

the rest of the stuff is disturbed, the result being that a portion 

of the dye is removed from all parts of the latter that were 

dyed previously. This performance is repeated until proper dis¬ 

tribution is accomplished between the dye-bath and the entire 

stuff. 

From this explanation of the phenomenon of equalising, it 

follows that the equalising property of a dye is in inverse ratio to 

its power of withstanding washing; the more completely revers¬ 

ible the dyeing, the more readily will any initial irregularity be 

equalised. 

It is next essential to give attention to the properties of the 

finished dye; and all that can be said on this point can be told in 

few words, viz. that the dye behaves in nearly all its reactions 

just as though no fibre were present. Martius yellow and similar 

dyes separate from the fibre, by sublimation, when heated; fluor- 

esceine is converted into eosine by the action of bromine ; dyes 

containing a free amido group can be diazotised on the fibre, and 

converted into more complex azo dyes by coupling with phenols 

and amines; very dark dyeings with fuchsine, methyl violet, and 

similar dyes, will bronze just in the same manner as the dye-stuffs 

themselves, etc. 

f Only, in fact, in two respects, viz. fastness to light and washing, 

does the presence of the fibre make itself felt. The washing fast¬ 

ness of a dyeing, or its behaviour towards solvents, depends not only 

on the solubility of the dye in question, but also on its affinity for 

the fibre and upon the way in which it is fixed thereon; and the 

solvent, in addition to the task of dissolving out the dye, has also to 

overcome its affinity for the fibre, a task which is naturally lighter 

in proportion as the fixing is defective. 

The fastness of any dye towards light is chiefly dependent 
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on the constitution of the dye itself. Here, however, we are in 

presence of a phenomenon that, until quite recently, was entirely 

enigmatical, namely that the fastness of one and the same dye 

towards light differs on different fibres, the reason for this being 

that a dye may be absorbed in varying molecular dimensions by 

different fibres. 

This may be traced from the law of distribution, but, in order 

to do this, some brief consideration must be devoted to another 

process—that of solution. Under the term solution we understand 

an intimate molecular admixture of two or more substances. If we 

allow two non-miscible solvents, such as water and ether, to act 

simultaneously on a substance that is soluble in both, we find that 

—just as in the case of dyeing, where a part of the dye is absorbed 

by the fibre, whilst part remains in the bath—a regular distribution 

of the substance occurs between the two solvents, and in such a 

manner that the ratio of concentration, the coefficient of dis¬ 

tribution, is a constant value. This is known as Henry’s law. 

Instances are, however, known where the coefficient of dis¬ 

tribution is not constant, but varies with the concentration. 

Van t’Hoff, Nernst, and Kuster have proved that in these abnormal 

cases the molecular constitution of the dissolved substance is 

different in the two solvents, but that here also a constant 

expression for the distribution of the dissolved matter can be 

obtained. 

If the concentration of the substance in the one solvent be 

expressed by Clt and that of the other by C2, and we assume that 

the substance in question is dissolved as single molecules in the 

first solvent, and as double molecules in the second solvent, the 

expression v-pf- 

Now this formula is evidently identical with that we already 

know as expressing the regular distribution of a dye between the 

fibre and the dye-bath, and we can therefore deduce from its form 

x/C bath _ g ^ conclusion that—just as in solutions, so also in 
C fibre J ’ 

dyeings—the dye-stuff must exist in different states of molecular 

constitution in the fibre and the bath; the fibre takes up simple 

molecules, leaving more complex molecules of dye-stuffs behind in 

the bath. 

This is in perfect accord with the fact that dyeing is better 

effected in the warm than in the cold, the heat causing the complex 

molecules to break down into a simpler form, which is then taken 

up by the fibre. The difference in molecular dimensions between 

the absorbed and residual dye is expressed in the value of the 

will furnish a constant value. 
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root-sign x, which, as already stated, is dependent on both the dye¬ 

stuff and the nature of the fibre. The dye is therefore absorbed 

differently, as regards molecular dimensions, by different fibres, a 

circumstance which explains the varying fastness to light of one 

and the same dye on different fibres. 

Dyeing and solution are therefore analogous phenomena, a fact 

that, after being theoretically assumed by 0. N. Witt, was first 

experimentally demonstrated by the author. Certain divergences, 

however, exist between the two, so that we are not justified in 

regarding the dyeing of textile fibres as a kind of “ solid solution,” 

since, were the dye really dissolved in the fibre, and the latter con¬ 

sequently permeated in a perfectly homogeneous manner, the ratio 

of distribution would be independent of the mechanical properties 

of the fibre. This, however, is not the case, it having already been 

shown that a powdered fibre is able, in consequence of its greater 

surface, to absorb far more dye in the cold than when in the 

fibrous condition. 

The behaviour of dyeings towards water also tells against the 

solid solution hypothesis. Most dyes are absorbed better in the 

warm; hence, if the dyeing process be regarded as a phenomenon 

of solution, it must be assumed that at higher temperatures the 

solvent power of the fibre for dyes is greater than that of water, 

and that, conversely, at low temperatures the dye-stuff is more 

readily soluble in water than in the fibre. If this were the case, it 

would also follow that the dyed material would part with a larger 

quantity of dye when washed in cold weather than with hot, 

whereas, as is well known, the contrary is the case. 

Some chemists regard dyeing as a kind of chemical combination 

between the dye and the substance of the fibre. According to this 

“ chemical theory of dyeing,” the keratin of wool and the fibroin of 

silk behave like the amido acids in exhibiting simultaneously an 

acid and a basic character, playing the part of an acid in presence 

of basic dyes, and acting like a base in presence of acid dyes. 

Knecht afforded some support to this view by his discovery of the 

fact that, in dyeing wool and silk with fuchsine and similar basic 

dyes, the colour base alone is absorbed, leaving behind in the bath 

the whole of the hydrochloric acid with which the base is combined. 

The explanation offered for this process was to assume that the wool 

and silk decomposed the fuchsine into hydrochloric acid and colour 

base, and formed with the latter a compound resembling a salt, 

since it was considered impossible for the colour to be due to the 

free rosaniline base, which is colourless. 

This explanation of fuchsine dyeing became, however, untenable 

when it was proved that the decomposition of the fuchsine is 
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effected already by the water of the dye-bath; also that the 

rosaniline base exists in a coloured form; and, finally, that the 

hydrochloric acid of the fuchsine remains behind, quantitatively, in 

the bath in the dyeing of inert substances like glass, clay, etc. 

A further support to the chemical theory of dyeing was 

regarded by some as afforded by the fact that all dyes exhibit an 

acid or a basic character, or the two combined, a body of perfectly 

inert chemical character having no dyeing power. In this view, 

however, one consideration is forgotten, viz. that a whole series of 

physical processes are also influenced by the chemical character of 

the substance coming into play. Thus, to give only one example, j 
the well-known fact that aqueous solutions of caustic alkalis will 

adhere firmly to glass, whilst aqueous solutions of acids adhere only 

to a slight extent, and mercury not at all, has never yet been 

explained by anyone as due to chemical interaction. In reality, not 

one single fact is known that would indicate the probability of the 

occurrence of chemical combination between the dye-stuff and the 

fibre in dyeing; whereas, on the other hand, there are a number of 

weighty reasons proving the contrary, viz.:— 

1. In chemical compounds the combination occurs in definite 

molecular proportions; whilst the case is altogether different in 

dyeing, the quantity of dye absorbed being determined by the law 

of distribution, which definite and regular distribution could not be 

possible unless the dye-stuff were in exactly the same chemical con¬ 

dition in both the fibre and the bath. Hence, if the acid of a dye¬ 

stuff be found in a free state in the bath, it must also be present in 

the free state in the dyed fibre. 

2. Chemical compounds possess different properties to those of 

their constituents; this is not the case in dyeing. 

3. In the dyeing of wool and silk with acid dyes the absorption 

of the dye takes place in the presence of a strong acid, e.g. sulphuric 

acid. How an increase in the amount of such strong acid would be 

the reverse of favourable to the production of a salt-like compound 

between the dye acid and the keratin or fibroin present; whereas, 

as a matter of fact, an addition of sulphuric acid to the dye-bath 

leads to an increased absorption of dye. 

4. A series of dyeings, of an indubitably mechanical origin— 

such as manganese bistre, and the dyeing of chemically inert bodies 

like asbestos, glass, etc.—clearly show that dyeing may be the result 

of adhesion alone. 

5. It is also possible to dye one colour upon another. 

For the above reasons it may therefore be concluded that 

dyeing is a phenomenon of absorption, the dye being retained on 

and in the fibre by adhesion. 
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III. Classification of Dye-Stuffs; Methods of Dyeing.1 

Since in this chapter we are solely concerned with the applica¬ 

tion of the dye-stuffs in the processes of dyeing and printing, the 

sole principle of classification we can adopt is based on the method 

of dyeing necessary to bring them on the fibre. The different 

classes of dyes, therefore, may be set down as follows:— 

1. Acid dye-stuffs. 

2. Basic or tannin dyes. 

3. Dye-salts or substantive cotton dyes. 

4. Mordant dyes. 

5. Vat dyes. 

6. Developing dyes. 

7. Albumin dyes. 

1. Application of Acid Dye-Stuffs. 

The acid dyes are mostly sodium salts of sulpho-acids, and this 

class comprises the different marks of tropeoline, ponceau, Bordeaux, 

scarlet, fast red, chromotrope, black azo dyes (such as naphthol 

black), acid violet, acid green, .several aniline blues, patent blue, 

several fast blues or indulines, tartrazine, quinoline yellow, azo¬ 

carmine, indigo-carmine, etc., as well as such dyes as owe their 

acid character to the presence of nitro and hydroxyl groups—the 

nitro dyes and eosines. 

Dyes of this class are more frequently used than any others for 

dyeing wool and silk, but are not well adapted for dyeing cottons. 

Application to Wool.—The dyeing is effected in presence of 

acids or acid salts, viz. sulphuric acid, sodium bisulphate—mostly 

known as tartar preparation—Glauber salt (sodium sulphate), alum, 

acetic acid, ammonium acetate, or ammonium oxalate. The object 

of these acid adjuncts is to neutralise the calcium bicarbonate in the 

dye water, liberate the dye acid, and finally to diminish the solubility 

of this latter in water, thus facilitating its absorption by the fibre 

and helping the bath to “ draw.” The stronger the acid the better 

and more quickly is the dye absorbed by the wool. 

An equally important role is played by Glauber salt, which acts 

as a regulator to ensure uniform absorption of the dye by checking 

the rate of absorption. The selection of the adjuncts to the bath 

depends, therefore, primarily on the equalising properties of the dyes 

used and their tendency to draw well or badly, as the case may be. 

In addition, it has to be considered whether the dye in question 

1 For details applicable to the separate dyes, the reader is referred to the instructions 
issued by the various makers of dye-stuffs. 
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will stand a strongly acid bath or not; and another important 

factor influencing the selection of the adjunct is the quality of the 

goods to be dyed, closely woven goods being harder for the dye to 

penetrate uniformly than is the case with slack-twisted yarns. In 

the former case the operation must therefore be allowed to proceed 

slowly, and in a faintly acid bath. 

Another factor regulating the absorption of dye is the tempera¬ 

ture, the rate increasing as the latter ascends. Therefore, since 

high acidity of the bath and high temperatures accelerate the 

absorption of the dye, whilst Glauber salt has a restraining action, it 

is necessary, in the case of dyes that do not equalise well and goods 

that are hard to dye through, to commence operations at a low 

temperature and in a faintly acid bath containing Glauber salt. 

Should the dye-stuff draw badly, the acid is added in several 

portions during the operation, or delayed until the close ; but with 

a dye that equalises readily it is possible to start with a very— 

sometimes boiling—hot, strongly acid bath, provided, of course, that 

the dye-stuff itself will stand a very strong acid bath. In some 

difficult cases the bath is allowed to become gradually acid during 

the operation, by adding ammonium acetate or oxalate, these salts 

being slowly decomposed, with liberation of ammonia, on heating. 

The usual method of dyeing wool with acid dyes is as follows :—• 

The bath is charged with 2-4 per cent, of sulphuric acid, 10 per 

cent, of Glauber salt, and the (filtered) solution of dye-stuff, the 

goods being entered at lukewarm or medium temperature and 

gradually raised to boiling, which is maintained for one hour to one 

and a quarter. This prolonged boiling is essential for securing 

the equalisation of the dye, though some dyes, such as indigo- 

carmine, dye well at somewhat lower temperatures. Only in the 

case of light shades is three-quarters of an hour’s boiling sufficient; 

and here it is advisable, in the interest of better equalisation, to 

dye with less acid and more Glauber salt. 

The foregoing method is applicable to the majority of dyes, and 

an addition of 2—2\ per cent, of sulphuric acid will generally be 

sufficient; naturally this is also influenced by the hardness of the 

water. 

In the case of dyes that equalise well, e.g. quinoline yellow, 

naphthol yellow, patent blue, cyanol, fast acid violet 10 B., 

fast green (bluish), azo-carmine, chromotrope 2 R., etc., the goods 

are entered direct into the boiling bath. On the other hand, 

with a large number of dyes inferior in this respect, such as the 

ponceaus, scarlets, fast reds, Bordeaux, etc., the goods are entered 

at medium temperature, and an increased addition of Glauber salt 

—about. 2 0 per cent.—is very desirable, though not absolutely 
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necessary. In such cases it is usual, in practice, to use about 

10 per cent, of Glauber salt and 10-15 per cent, of sodium 

bisulphate. With regard to the latter, which is also used alone, it 

is frequently contaminated with saltpetre, which may do harm in 

dyeing, owing to the liberation of nitric acid. Ten parts of the 

bisulphate may be replaced by 4 of sulphuric acid and 10 parts of 

Glauber salt. 

The black acid dyes are mostly used in association with bi¬ 

sulphate, though a better plan is to commence dyeing with Glauber 

salt and acetic acid, a small percentage of H2S04 being afterwards 

added to help to draw the dye. 

In the most difficult cases of all, where the dyes equalise badly 

and the stuff is hard to dye through, the material is first boiled for 

some time in more or less strongly acidified water before the addi¬ 

tion of the dye. 

The eosines require to be dyed in a faintly acid bath, one of 

the two following methods being pursued :—(1) The bath receives an 

addition of 2—10 per cent, of acetic acid (or alum) according to 

the hardness of the water and the intensity of the dyeing; (2) the 

goods to be dyed are first boiled in a bath containing 5 per cent, 

of alum, 5 per cent, of acetic acid, and 5 per cent, of potassium 

bitartrate, the solution of the dye-stuff being added after the bath 

has been cooled down to 50° C. The temperature is afterwards 

again raised to boiling-heat. This second method gives the more 

brilliant dyeings. In either case less boiling is required than with 

the other acid dyes, a quarter of an hour to half an hour being 

sufficient. 

For combination dyeings the selected dye-stuffs should be 

similar in their behaviour during the process, the choice therefore 

generally falling on such as equalise well and are able to stand a 

strongly acid bath. 

Shading off is effected at boiling-heat in the case of dyes that 

equalise well; in other cases the bath must first be cooled by an 

addition of cold water. 

Dyeings that have come out too dark or patchy may be corrected 

by a treatment with hot soda solution. 

Finally, it may be mentioned that dyes generally equalise 

better in old bath liquors, i.e. such as have already been used 

several times over. The cause of this is of a twofold character; 

in the first place, the bath contains a larger quantity of Glauber 

salt (from previous dyeings); and, secondly, the repeated boiling of 

different parcels of wool has extracted a larger amount of wool 

substance, which, like the bast of silk, helps to retard the absorption 

of the dye. 



APPLICATION OF ACID DYE-STUFFS 141 

An older method of dyeing with acid dyes, especially scarlets, 

consisted in using a small percentage of stannous chloride and 

potassium bitartrate. The resulting dyeings are faster to milling 

than those obtained by the aid of Glauber salt and sulphuric acid. 

The alkali blues, which also belong to the acid class of dyes, 

are dyed in a special manner, owing to the fact that the correspond¬ 

ing dye acids are insoluble in acidified water. The goods are first 

entered in an alkaline bath (boiled for three-quarters of an hour to an 

hour) wherein the wool takes up the dye in a colourless form. Borax 

is the most suitable alkali for this purpose, 5—10 per cent, being 

used; soda, though sometimes employed, is disadvantageous for 

the fibre on account of its strong alkalinity. After this preliminary 

treatment the wool must be very thoroughly washed, and is then 

entered for about twenty minutes in a second bath, containing 5 per 

cent, of sulphuric acid. Here the colour is developed, coming out 

greener in shade, it may be stated, in proportion as the developing 

bath is cooler. If greater milling fastness is desired, the colour is 

developed with alum instead of sulphuric acid. 

These alkali blue dyeings, which unfortunately are of only 

very low fastness to alkali and light, are, however, characterised 

by good milling fastness (provided they are well washed after the 

first bath) and considerable beauty. Shading, when desired, is 

effected by means of acid dyes applied in the second (acid) bath. 

Dyeing to pattern is a more difficult operation with these dyes, 

owing to the fact that the colour is only developed in the second 

bath. 

Application to Silk.—Here also, and for the same reasons as 

in the case of wool, the dyeing is performed in an acid bath, 

sulphuric acid being most generally used. In some cases—eosines, 

for instance—such a strong acid bath is unfavourable, and should 

be replaced by acetic acid or tartaric acid. The silk draws the 

dye even in the cold, and—just as in the case of wool—it is 

possible to accelerate or retard the absorption to suit the equalising 

powers of the dye by regulating the temperature, degree of acidity, 

and the use of more or less bast soap, which here replaces Glauber 

salt. Instead of bast soap, a 2J per cent, solution of Marseilles 

(olive oil soap) and a 0'4 per cent, solution of gelatine may be used 

—at least for dyeing on the small scale. 

The acidified bast soap bath is prepared by boiling with the 

required quantity of acid; the silk is entered and then lifted, and 

then only is the necessary quantity of water added, along with a 

portion of the dissolved dye. In this method the fat separated 

from the bast soap remains in a state of very finely divided emulsion. 
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which is not the case when the whole of the water and acid are 

added together. According to the equalising power of the dye, the 

amount of bast soap solution taken ranges from one-third to one- 

fourth of the entire bath, one-third part of bast soap solution 

and two-thirds water being generally used for starting. A 

larger proportion of bast soap is used when uneven dyeing 

is anticipated or when the silk has acquired a dusty appearance, 

due to defective treatment in process of weighting with sodium 

silicate. 

The dissolved dye is added by degrees during the operation. 

The silk is entered at 30-40° C., well worked about whilst the 

temperature is being raised to near boiling-point, and is finished at a 

temperature of about 90° C. Actual boiling-heat should be care¬ 

fully avoided. In the case of the eosines brighter colours are 

obtained at temperatures somewhat lower than the foregoing. Eaw 

silk must be dyed lukewarm, souple silk at a lower temperature 

than fully scoured silk. Very delicate colours, being dulled by 

sericin, must be dyed without bast soap. 

After dyeing, the silk is washed, then livened or brightened by 

treatment in a lukewarm to hot bath (more or less strongly acidified 

by the same acid1 that was used for dyeing), and is afterwards drained 

and dried without rinsing. This treatment brightens the colour 

and improves the feel of the silk, i.e. makes it more brittle and 

harder to the touch, as well as giving out a crunching sound when 

compressed. The degree of “ feel ” produced is varied according to 

the purpose for which the silk is intended, and is the greater in 

proportion as the bath is hotter and more strongly acid. To entirely 

remove the feel, the silk is immersed for several hours in a 

lukewarm bath containing 25—30 per cent, of fuller’s earth, 

calculated on the weight of the silk; the same softening effect 

is also obtained by treatment with the so-called “ two oils ” 

{see under Oleic Acid). The goods so treated are employed for 

producing a “ moire ” finish, silk with scroop being unsuitable for 

this purpose. 

Shading with another dye is sometimes practised in the 

brightening bath. In order to obtain fastness to washing, the 

dyed goods are put through a solidifying treatment {q.v.). 
Dyeings that have come out too dark or patchy are corrected 

in a bath very rich in bast soap, which extracts part of the dye. 

As in the case of wool, the alkali blues are first applied in an 

alkaline bath, and the colour developed in an acid bath. The first 

bath is charged with 10—15 per cent, of Marseilles soap for light 

1 A few grams of acid per litre (parts per mil.), the quantity of water being thirty 

times the weight of the silk. 
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shades, or 20—30 per cent, for dark shades, together with the 

requisite amount of dye, the silk being entered hot and finished by 

boiling. It is next well washed—otherwise the colours will come 

out dirty—and the colour is developed in a bath containing 

sulphuric acid; stannous chloride and hydrochloric acid being 

used instead when greater fastness is desired. 

Application to Cotton.—The acid dyes are not well adapted 

for dyeing cotton, their affinity for cellulose being almost nil. 
Nevertheless they have been used for this purpose in the absence 

of more suitable dyes—previous to the introduction of Congo red— 

and are still, though only to a limited extent, viz. for the pro¬ 

duction of a vivid scarlet by means of croceines and similar 

azo dyes. The modus operandi is as follows:—The cotton is first 

steeped for some time in a fairly concentrated solution of basic 

alum, and then dyed in a lukewarm dye-bath containing a minimum 

of water; or else the dyeing is effected in a single bath containing 

an addition of alum and common salt. Brighter colours are, how¬ 

ever, obtained when the cotton is first treated with a cold (about 

4° B.) solution of sodium stannate, for one to one and a half \ hours, 

previous to the alum bath. The eosines also can be applied to 

cotton in a lukewarm bath with a large proportion of common salt. 

All these dyeings, however, are so poorly fixed that they must not 

even be rinsed afterwards. 

Some acid dyes, e.g. marine blue, produced by sulphonating 

strongly basic dyes, can be applied to cotton after the manner of 

the basic dyes, i.e. subsequent to the treatment of the material with 

tannin. (See later.) 

2. Application of the Basic Dye-Stuffs. 

The basic dyes are mostly salts of colour bases with hydro¬ 

chloric acid or with zinc chloride. To this class belong several azo 

dyes, such as chrysoidine and Bismarck brown, also auramine, the 

rosaniline dyes, and such of the malachite green series as are not 

sulphonated, the rhodamines and pyronines, acridine dyes, methy¬ 

lene blue, most of the oxazines, such as new blue and Nile 

blue, the safranines, indoines, eurhodines; finally, also the 

indulines and nigrosines, in so far as they are not sulphonated 

compounds. The use of these dyes is chiefly for dyeing and 

printing cotton. 

Application to Wool.—Wool takes up the basic dyes in a very 

uniform manner, without the use of any adjuncts in the dye-bath, 

and the absorption begins at a temperature of 30—40° C. Hard 
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water should be corrected with acetic acid until the reaction is 

slightly acid, since otherwise the colour bases separate in resinous 

masses and cause streakiness, which is impossible of removal. A 

slight addition of acid is also desirable, because the wool mostly 

retains some alkali from the washing process, and this, by forming 

the colourless colour base, would retard the absorption of the dye. 

Moreover, these dyes draw more slowly in a faintly acid bath, a 

condition recognised as favourable in dyeing operations generally. 

Too much acid hinders the absorption of the dye. The goods are 

entered lukewarm, and the operation is continued for about an hour, 

the temperature not being allowed to exceed about 80° C. Dyeings 

performed at boiling-heat are less brilliant in colour. Nevertheless, 

gentle boiling is admissible in the case of dark shades, and of a few 

dyes of this class, such as methyl-violet. Auramine must be dyed 

in a neutral bath. 

The brightest colours are obtained by adding a little Marseilles 

soap to the neutral dye-bath, and avoiding higher temperatures, 

about 50° C. being the limit. In this case, however, in order to 

avoid stains, the water must first be boiled with soap, and the 

resulting scum removed. This method is very seldom used in 

practice. 

The necessary quantity of wool is added in two or three 

portions during the operation, and not all at once. Wool 

that has been sulphured is not, as a rule, fit for dyeing with 

basic dyes. 

As far as possible the combination of basic dyes with those of 

acid character should be avoided, since in many cases it leads to 

the formation of insoluble precipitates which may produce spotting. 

Frequently, however, basic dyes are used for topping dyeings pro¬ 

duced from other groups of dyes, the object of this treatment being 

to shade or enliven the colours. The operation is generally per¬ 

formed in a fresh bath. 

A very special process is employed for dyeing with many 

of the green dyes, such as brilliant green, methyl-green, malachite 

green, etc. The wool is entered in a boiling hot bath containing 

7J per cent, of sodium hyposulphite, 2 per cent, of sulphuric acid, 

and 5 per cent, of alum (or zinc acetate), in a wooden vat, and is 

worked about in this bath for three-quarters of an hour after steam has 

been shut off; it is then drained in the hydro-extractor, rinsed, and 

dyed at about 50° C. in a hath containing about 3 per cent, of acetic 

acid, in addition to the dye. The bath liquors should be kept for 

use over again; the oftener they are used the finer the colours 

obtained. 

In the above process sulphur is precipitated on the fibre, and 
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assists in fixing the dye. These dyes can, however, be applied in a 

simpler manner by passing the wool through a hot soap bath (1—2 

per cent, of soap), and then dyeing in a fresh, lukewarm dye-bath. 

This method is seldom used, though occasionally resorted to for the 

production of a brilliant green of greater fastness than is afforded 

by the use of the various acid greens. 

Basic dyeings on wool are characterised by lustre, good 

equalisation, fastness towards alkalis, and milling fastness. They 

are, however, fugitive to light, rub off under friction, and bleed into 

any adjacent undyed portions when washed. 

Application to Silk.—The basic dyes are rapidly taken up 

by silk, even in the cold. The process is conducted at temperatures 

up to about 50° C. in presence of acid dyes, and at higher tem¬ 

peratures in a bast-soap bath slightly qualified with acetic acid 

or tartaric acid, the dye being added in several portions during the 

operation. 

These dyes play only a small part in silk-dyeing. The most 

generally used members of the group are rhodamine, methyl violet, 

malachite green, Magdala red, and fuchsine. 

Application to Cotton.—This is the main sphere of usefulness 

of the basic dyes. They dye cotton direct, producing very handsome, 

light shades, which, however, cannot be utilised in practice, owing 

to their fugitive character. Only in the case of several soluble 

indulines, such as indamine, methylene grey, etc., can somewhat more 

stable dyeings be produced by the aid of alum, provided a medium 

temperature be not exceeded. 

It must not, however, be forgotten that a variety of dyeings can 

be produced with basic dyes on cotton that is to be spun into half¬ 

wool vicuna yarns, by the aid of alum and medium temperatures. 

The fastness of the dye is improved by entering the cotton first in 

a hot soap bath, then in a cold bath of stannous chloride, and finally 

in the dye-bath. In some cases the cotton is first steeped for a 

short time in a solution of basic alum, then treated in a chalk bath, 

followed by a weak tannin bath, and finally by the dye-bath 

proper. In this manner, methylene blue, for example, will furnish 

purer blue dyeings than when fixed with tannin and antimony. 

The only rational method of dyeing cotton with basic dye¬ 

stuffs consists in first preparing the material with tannin or a fatty 

acid salt of alumina, and then dyeing by gradually heating the 

bath to about 60° C. during half an hour or an hour. Some dyers 

prefer to dye without heat, since brighter colours are then 

obtained; these however, are not so well fixed as those 

furnished by the hot process, and consequently the method is 

only advisable for light and medium shades. In a few instances, 
10 
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e.g. indoine blue and several fast blues, the dye-bath must be 

heated to boiling. 

Dyeings performed on cotton prepared with tannin are faster, 

but less handsome, than those obtained with the aid of fatty acids. 

A remarkable example of this is afforded by the rhodamines, a 

dull lilac being produced by tannin, whereas fatty acids give a 

handsome rose-red. 

As already mentioned in the case of wool, hard water should 

be corrected before use for dyeing basic dyes; and here also 

an addition of acetic acid is essential when light shades or badly 

equalising dyes are in question. Some of the latter, e.g. those used 

to imitate indigo dyeings, viz. induline, indoine blue, etc., must 

receive an addition of alum, since otherwise uniform dyeing will be 

a result difficult of attainment. 

In many instances the goods dyed with basic dyes are put 

through a supplementary treatment; some colours, e.g. fuchsine, are 

brightened by a treatment with hot alum solution; others are 

rendered faster by passing the goods through a bath of tannin. 

Finally, the fastness of the above-mentioned blue dyes is improved 

by a supplementary treatment with potassium bichromate, this 

“ after-chroming ” being effected by treating the goods for some 

time in a solution of the salt in question (1 per cent, for dark 

colours) at a temperature of 30—60° C. 

Thanks to their great affinity for the fibre, the basic dyes may 

also be used for shading and topping cottons that have been dyed 

with dyes belonging to other groups. 

3. Application of the Direct or Substantive Cotton Dyes. 

To this group belong the benzidine, diamine, and Congo dyes, 

their principal employment being in the direct dyeing of cotton. 

Their introduction produced a revolution in the cotton-dyeing 

industry, the simplicity and cheapness of the process, and the non¬ 

necessity for using tannin or mordants, quickly raising these dyes 

to a position of high importance. However, they are surpassed in 

brilliance by the basic dyes and in fastness by the adjective dyes; 

moreover, they are more susceptible than the basic dyes to im¬ 

purities in the material and to injury during the gassing process— 

on which account they should be gassed in a plate machine and in 

a moist condition. Some of the dyes of this class, e.g. cloth brown, 

anthracene red, carbazol yellow, the sulphone dyes, etc., are more 

suitable for wool-dyeing than for cotton. 

The subject of these dyes has been treated in an excellent 

manner by A. Kertesz, in a book issued by L. Cassells & Co. 
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Application to Cotton.—The adjuncts used in the dye-bath 

comprise common salt, Glauber salt, soda, potash, sodium phos¬ 

phate, and soap. The two first named help to precipitate the dye, 

and therefore accelerate absorption, whilst the others, being alkaline, 

exert a solvent action and therefore retard the process. 

Here, therefore, just as in the case of dyeing ani mal fibres with 

acid dyes, wTe have the means of controlling the rate of absorption, 

in accordance with the equalising power and drawing of the dye, 

and the quality of the material to be dyed. Of the foregoing 

adjuncts, common salt, Glauber salt, and soap alone are used by 

themselves, the others being always employed in combination. 

Common salt or Glauber salt can be used singly for dyeing any 

of the members of this group of dye-stuffs, though in practice they 

are confined to the slow-drawing dyes. In most instances, and in 

all combination dyeings, an alkaline reagent retarding the absorption 

of the dye, and a precipitant, are used in conjunction. When it is 

necessary to reduce the rate of absorption, as is the case with light 

shades and stuffs that are difficult to dye through, the alkaline 

reagent alone is added at the outset, the precipitant being added at 

the end of about half an hour; were it not for this latter, too much 

of the dye wTould be left behind in the bath. This method is also 

recommended for dyeing mixed shades. 

Soap is preferably employed for light shades or difficult mixed 

colours, and it has also the advantage of softening the material 

in yarn-dyeing. In all other instances, soda is generally prefer¬ 

able to soap as the alkaline adjunct; the latter smears the dye 

vats. 

As a general thing, the yellow dyes are applied in a neutral 

bath, the blues in a neutral or alkaline bath, and the reds in a 

strongly alkaline bath. Some dyeings—mainly yellows and some 

reds—come out brighter when sodium phosphate has been added; 

and in many red dyeings the same effect follows the use of Turkey- 

red oil. 

The usual adjuncts are employed in the following proportions 

and with the following dye-stuffs:— 

1. Common salt or (calcined) Glauber salt. These are chiefly 

used for slow-drawing dyes and dark shades, the proportions taken 

being 10—15 per cent, for light shades, and 20—30 per cent, for 

dark shades, calculated on the weight of the cotton. In a few 

cases (Mikado dyes, Nyanza and Tabora blacks, etc.) as much as 

50—100 per cent, is taken. This adjunct is suitable for the Mikado 

and Hessian dyes, for primuline, diamine golden yellow, Titan rose- 

red, diamine green, various cotton browns, benzo grey, etc. For the 

most part, purity is not an essential feature in these salts, ordinary 
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Glauber salt and rock salt being quite suitable for the purpose, 

except in the production of delicate light colours, for which 

crystallised Glauber salt or ordinary common salt should be used. 

2. Soda and Glauber salt. For dark shades, 5 per cent, of 

soda and 15 per cent, of Glauber salt are taken, the quantities 

being halved in the case of light shades. 

This method is applicable to nearly all these dyes, especially 

for most of the diamines, Chicago and Zambesi blues, many mixed 

shades, etc. 

3. Soap (2—5 per cent.) and Glauber salt (2—15 per cent.), the 

proportions varying according to the depth of the colour, are used 

for light shades, difficult mixtures, and materials that are hard to 

dye. This adjunct is specially recommended for geranine and for 

chloramine yellow. 

4. A mixture of 5 per cent, of potash and 2 per cent, of soap 

is frequently used for dark shades of the various red dyes of this 

group—Congo, benzopurpurine, etc.,—as also for several blues, e.g. 

benzo-black blue. The highly important benzopurpurines, however, 

give fuller shades with sodium phosphate and soap, and brighter 

colours with sodium silicate and soap. 

5. With 10 per cent, of sodium phosphate and 2 per cent, of 

soap (for dark shades) advantageous results can be secured in 

dyeing many yellow shades, such as chrysamine, chrysophenine, 

thioflavine S., thiazol yellow, Congo and toluylene orange, as well 

as others such as benzazurine, Congo-corinth, and many mixed 

shades. 

When a number of substantive cotton dyes are used together 

for the production of mixtures, it is advisable to select such as are 

of similar behaviour. The adjuncts used will then depend on the 

properties of the predominating components of the mixture; and in 

these cases soda and Glauber salt, or soap and sodium phosphate, 

will be used almost exclusively. 

The chief point to be considered in the selection of the 

adjuncts is the drawing property of the dye; and the influence of 

the adjunct on the shade of the colour must not be overlooked. 

Thus, for example, diamine green is dulled by alkalis, and must 

therefore be dyed in a neutral, or, at most, faintly alkaline bath. 

As regards the temperature to be maintained in dyeing with 

this group, the following observations apply:—For light shades the 

goods are entered at 30-40° C., and the bath gradually heated to 

50—60°, he dyeing process occupying about half to three-quarters 

of an hour. 

For medium and dark shades the initial temperature is 

50-60° C., the bath being then slowly raised to boiling-point and 
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kept thereat for about an hour. For deep shades, however, it is 

generally preferable to boil for only half an hour at first, then shut 

off the steam and continue to dye in the slowly cooling bath. 

The quantity of bath water plays an important part in the 

dyeing with substantive cotton dyes. Most of them draw badly, 

and consequently it is necessary to work with a minimum of water 

when dyeing dark shades. The maximum quantity of water is 

20-25 times the weight of the cotton; for dyeing piece goods in 

the jigger (q.v.) a 5—6-fold quantity of water will be sufficient. 

In any event, a portion of the dye will remain behind in the 

bath; consequently the baths from the dyeing of dark shades 

should be preserved. When using these over again, a corre¬ 

spondingly smaller quantity of dye is added, together with only 

one-third to one-half the original amount of the adjunct used. In 

using up an old bath previously employed for the production of a 

mixture, and therefore containing a number of dye-stuffs, it must 

not be forgotten that, in consequence of the varying drawing power 

of the constituent dyes, their proportion will be different from what 

it was at the outset. Hence, in order to ascertain what propor¬ 

tions of fresh dyes should be added, it will be necessary to make a 

trial dyeing with the bath as it is, the appearance of the resulting 

colour giving the requisite information. 

The bath is prepared by adding to the water an amount of 

soda proportionate to the lime content, then boiling up the water 

with the dissolved dye-stuff, and afterwards running in the neces¬ 

sary quantity of the adjunct required. 

After dyeing, the goods are washed, except in the case of light 

shades produced in a neutral bath. This washing must be per¬ 

formed with particular thoroughness in the case of the blues dyed 

in strongly alkaline baths, since otherwise the colours will be too 

dull. The goods must be dried at a moderate temperature, and in 

a plentiful supply of air; otherwise (especially in the case of benz- 

azurine, congocorinth, etc.) irregularities may appear. 

Eeds are frequently livened up by means of Turkey-red oil, 

the goods being passed through an emulsion of the oil, and after¬ 

wards centrifugalised and dried. 

Dyes diazotised and developed on the Fibre; so-called 
Ingrain Dyes. — The cotton is first dyed with a substantive 

dye containing a free amido group, capable of diazotisation, the 

absorbed dye being then diazotised by treatment in a bath con¬ 

taining sodium nitrite, and finally treated in a developing bath, a 

phenol, or an amine, to convert the dye into a complex azo 

compound. 
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This method was first applied to primuline, and subsequently 

extended to diamine black, diazo black, etc., and at the present 

time plays a very important practical role. 

The dyeings produced in this manner are deeper and faster 

to washing, many of them also faster to light, than those produced 

in the first bath without any further treatment. In addition, the 

diazotisation and development of the colour are accompanied by 

an entire modification of tone,-—primuline, for instance, when dyed 

direct with common salt, giving a yellow, which, though pure, is 

too unstable to be of any practical value; whereas when diazotised 

and developed with /3-napthol, it furnishes a red; with ethyl-/3- 

naphthylamine (Bordeaux developer), a Bordeaux: both distinguished 

for washing fastness, and far superior to primuline yellow in point 

of fastness to light. The different diamine blacks furnish a grey 

and a blue, which are also used per se. To produce darker shades 

of greater washing fastness, the dyes are mostly diazotised—with 

phenylenediamine, or toluylenediamine, for black; with /3-naphthol 

for dark blue, and with naphthylamine ether for lighter and more 

brilliant blue. Diazo brilliant black gives a Bordeaux shade, which 

is converted, by diazotisation, into greyish blue, with /3-naphthol, 

and into brown with phenylenediamine. 

A modification of this method consists in developing the dia¬ 

zotised dye with soda, thus producing, not a complex diazo dye, 

but probably merely replacing the diazotised amido group by 

hydroxyl. This method chiefly serves for the production of bright 

browns with the assistance of diamine-catechu, diazo brilliant 

black, etc., these dyeings being intended to replace catechu. 

The processes of diazotisation and development on the fibre are 

therefore mainly employed for the production of dark blues, browns, 

and blacks, also for red and Bordeaux (with primuline). 

The modus operandi is as follows :—The cotton is first dyed with 

the requisite dye-stuff, then well washed and drained, and afterwards 

entered in the diazotising bath. This contains 2J per cent, of 

sodium nitrite and 71- per cent, of 20° B. hydrochloric acid, for 

dark shades, or 1-^ per cent, of sodium nitrite and 5 per cent, of 

20° B. HC1 for light shades, and is prepared by stirring the dissolved 

nitrite, and afterwards the (diluted) hydrochloric acid, slowly into a 

sufficient quantity of water—which depends on the weight of cotton 

to be treated—in a wooden vat. In this bath the cotton is treated 

for a short time, e.g. five minutes for primuline, or fifteen minutes for 

diamine black,1 after which it is rinsed in acidified water (1 vol. 

of hydrochloric acid per 500 vols. of water) and immediately 

1 Only in exceptional cases is the diazotising process incomplete at the end of this 

time, e.g. diazo blue (By.), which takes about three-quarters of an hour. 
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entered in the developing bath. After the diazotising bath the dye 

is contained in the fibre in the state of a readily decomposible diazo 

compound, and consequently the cotton must not be left to stand in 

this condition. 

The developing bath contains a solution of some suitable 

developer, the most important of which have already been men¬ 

tioned above. The bath must be cold, and the cotton treated 

therein (a few minutes to a quarter of an hour) until the colour 

ceases to become darker. Finally, the goods are washed, though in 

some cases a good soaping is needed to fully develop the colour. 

Both the diazotising and developing baths must be brought up 

to the original strength before being used over again. 

When soda is used as the developer, the goods are diazotised as 

usual, and then entered, without being washed, in a warm bath 

(40-50° C.) containing three parts, by weight, of calcined soda per 

thousand, where they are worked for a quarter of an hour, after 

which they are soaped or washed. 

The process of diazotising and developing on the fibre is also 

adopted in the production of mixed colours, either by the combina¬ 

tion of two or more diazotisable dyes, or by the combination of 

diazotisable dyes with other kinds of dyes that are not affected by 

the diazotising process; or, finally, by mixing different developers. 

Topping Developed and Undeveloped Dyes with Basic 
Dyes.—The colours furnished by the substantive cotton dyes are 

inferior in beauty to those obtainable with basic dyes; neither are 

they so easy to dye exactly to pattern. For this reason they are 

frequently topped with basic dyes in small proportion, by treating 

the dyed and washed goods in a bath containing 1—2 per cent, of 

alum or acetic acid, together with the necessary amount of dye, at 

the ordinary temperature. The statement, often found in the litera¬ 

ture of the subject, to the effect that the fixation of the basic dyes 

is a special faculty of the substantive cotton dyes, is erroneous, 

since all dyeings on cotton—indigo blue, alizarine colours, man¬ 

ganese bistre, etc.—possess the property of absorbing basic dyes or 

their colour bases. 

Fixing Substantive Cotton Dyes by Subsequent Treatment 
with Metallic Salts.—In many instances the fastness to washing 

or light (or both) of substantive cotton dyes may be improved by 

immersing the dyed goods in hot solutions of metallic salts. 

Unfortunately, however, this treatment is accompanied by a change 

of shade, which renders the process unsuitable for-general employ¬ 

ment. It is advantageously used for blues intended to replace 
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indigo, among which special mention may be made of Cassella’s 

diamine blue BW, which when “ coppered ” (treated with copper 

sulphate) approximates very closely to indigo blue. 

The method itself was first applied to Bayer & Co.’s benzazurine, 

which gives greenish shades very fast to light. 

The salts employed in this treatment are—copper sulphate, 

chromium fluoride, and potassium bichromate, the first named in 

particular, the mode of application being as follows:—The dyed 

cotton is worked about for a quarter to half an hour in a bath con¬ 

taining 3-5 per cent, of copper sulphate (according to the depth of 

the colour) and kept at a temperature of about 80° C. When 

piece goods are in question, the bath contains 1J-3 parts of 

copper sulphate per 1000. 

Application to Wool.—Of late this application of the sub¬ 

stantive dyes has begun to receive the attention it deserves. 

Mention should first be made of those dyes which, although 

belonging to the cotton dyes, are yet more suitable for dyeing wool; 

these include sulphonazurine, brilliant sulphonazurine, sulphone- 

cyanine, fast diamine red, anthracene red, carbazol yellow, cloth 

brown, etc. They may all be dyed with 10 per cent, of Glauber 

salt—the acid-resisting fast diamine red also with bisulphate 

—and, except the two first named, all may be fixed with chrome 

mordants, thus yielding faster colours. This is done either by 

mordanting in advance, or, in the case of the reds, by after 

treatment with chromium fluoride. (See Mordant Dyes.) 

The sulphone dyes (Bayer) must not be dyed at boiling-heat, 

neither is the customary addition of Glauber salt suitable in this 

case. According to the instructions given by the Elberfeld Farben- 

fabriken, these dyes must be used with an addition of ammonium 

acetate, though inequalities readily occur when this salt is used. 

In such event the following procedure should be adoptedThe 

goods are entered for some little time—about a quarter of an hour— 

in the dye-bath containing a small percentage (5 per cent, for light 

shades) of soap, after which about 2 per cent, of acetic acid is 

added by degrees, to facilitate the absorption of the dye, and boiling 

is then practised for twenty to thirty minutes. In this manner 

and by combining sulphonecyanine, sulphone brown, and chryso- 

phenine, for example, perfectly uniform drab shades can be readily 

obtained, which are far superior in point of fastness to the corre¬ 

sponding colours furnished by acid dyes. 

As regards the true cotton dyes, some of these exhibit, in wool¬ 

dyeing, properties which seem to render them more suitable, for 

many purposes, than the acid dyes. They are dyed at boiling-heat, 

with an addition of 10-20 per cent, of Glauber salt—according to the 
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depth of shade required,—and, should more complete extraction be 

desired, 2—3 per cent, of acetic acid can be added as well. More¬ 

over, in contrast to the case of cotton, these dyes draw very well 

for the most part when applied to wool. For some of them—the 

reds mainly—better results are obtained with acetic acid, whilst 

bisulphate is preferable for others, such as diamine scarlet, diamine 

blue, etc. The most suitable adjunct, however, for many of these 

dyes is 10 per cent, of common salt and J per cent, of potash— 

soda is altogether unsuitable here,—better extraction being obtained 

by this means. 

As in the case of cotton, these dyes can be put through an after 

treatment with metallic salts. 

The red and yellow substantive dyes are the best adapted for 

wool, the browns and violets least of all. Their superiority over 

the acid dyes is expressed in their greater power of withstanding 

milling and sulphuring. Thus, for instance, none of the many 

ponceau reds is suitable for dyeing loose wool and yarns for pro¬ 

ducing parti-coloured fabrics, which will have to be milled or require 

sulphuring in the piece, in order to clean any white that may be 

present. More on this point will be given in Section IV. 

Finally, it may be remarked that the substantive dyes also play 

an important part in the dyeing of half-wool fabrics (#.v.). 

The Application of the Substantive Dyes to Silk is exceed¬ 

ingly restricted, only a few—chrysamine, chrysophenine, Mikado 

yellow, etc.—being used, and that by reason of their fastness. The 

dye-bath for these is a bast soap bath qualified by the addition of 

acetic acid, and the brightening process is carried on in the usual 

manner. The dyes may be diazotised as in the case of cotton, and 

developed or treated with metallic salts. The substantive dyes are 

also of considerable importance in the dyeing of half-silk goods. 

Supplementary Remarks.—In addition to the substantive 

dyes and several basic dyes, there are also a few others possessing 

the property of dyeing cotton direct. These are—rhodamine S, 

cachou de Laval, canarine, a few natural dye-stuffs like curcuma, 

safflower, and Orleans, though none but the two first are now in use 

for this purpose. 

Rhodamine S is dyed at about 40° C. in presence of a small 

percentage of acetic acid, and furnishes a handsome rose-red. 

Cachou de Laval is dyed for about half an hour at first, without 

any adjuncts, after which time 6 per cent, of soda is added— 

to soft water, or correspondingly more to hard water—and the 

operation continued for half an hour longer at about 70° C. By 

reason of their cheapness and fastness these dyes are still frequently 
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used for bottoming dark colours; they may be shaded by a treat¬ 

ment with metallic salts, iron, chromium, or copper. 

4. Application of the Mordant Dyes. 

To this class belong a large number of very differently con¬ 

stituted dyes, all of which possess an acid character, and are 

indebted to the presence of hydroxyl or carboxyl groups for their 

capacity of forming lakes with mordants. 

Their pigmentary character differs considerably in degree. 

Some of them, formerly entitled “ adjective dyes ” are such weak 

pigments that they are incapable of furnishing utilisable colours 

when used alone, and require to be combined with mordants, with 

which substances they produce strongly coloured insoluble com¬ 

pounds known as “ lakes.” To these belong alizarine and the 

dye-woods. Others, again, are themselves highly coloured, not¬ 

withstanding which they cannot be used for dyeing unless in 

conjunction with mordants; this section includes galleine and 

many alizarine dyes. Finally, there are a number of acid dyes 

and substantive dyes than can either be used alone or fixed on 

the fibre by means of mordants, this sub-group comprising 

anthracene yellow, carbazol yellow, fast diamine red, brilliant 

alizarinecyanine 3 G-, chromotrope, etc. 

It is, however, impossible to draw any strict line of demarcation 

between these dyes, their divergences being gradual and not funda¬ 

mental. Only in the case of the first-named adjective dyes is it 

perhaps feasible to constitute a separate group; and even here 

there are individual dyes, e.g. santal wood, that possess intermediate 

properties. 

One characteristic possessed by all these dyes in common is 

that of fastness to milling. 

In dyeing with mordant dyes, the nature of the bath water 

plays an important part, and therefore the water used must have 

been corrected with acetic acid, otherwise a partial precipitation 

of the colour, in the form of lime and magnesia lakes, may occur. 

In some cases organic impurities have an unfavourable effect, e.g. 

in presence of cochineal or alizarine blue. 

Application to Wool.—This is the most important use of 

mordant dyes, and, in fact, most of them are suitable for this 

purpose alone. 

The methods of fixing that may be employed in this case are 

varied, and for convenience of treatment will be described in 

groups. 

1. Dyeing previously mordanted Wool.—This is an import- 
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ant process in wool-dyeing, and is applicable to all the mordant 

dyes. The temperature, duration of boiling, and the addition of 

acetic acid to the bath, all depend on the nature of the dye; 

and, from this point of view, the mordant dyes may be divided 

into three classes :— 

(a) Alizarine Eyes.—These require the greatest care in dyeing, 

and are, for the most part, very susceptible to the influence of 

impurities in the goods to be dyed. The modus operandi is as 

follows:—The mordanted wool is first treated for a quarter of an 

hour in a cold bath of dye; the temperature is then gradually 

raised to boiling, in about an hour, and maintained in this con¬ 

dition for one and a half to two and a half hours, the goods being 

well worked. Should the initial temperature be unduly high, or 

the heating proceed too rapidly, unequal dyeing may easily result. 

Only in the case of loose wool is less care necessary, the initial 

temperature in that case being up to 40° C. The prolonged boiling 

is necessary to ensure the proper fixing of the dye. 

A neutral bath is the most favourable for some of the alizarine 

dyes : alizarine red, alizarine orange, anthracene brown, and galleine, 

that come on the market in paste form. In other instances, 

especially for the powdered alizarine red, alizarine brown, and 

galleine, which are sodium salts of dye-stuff sulpho-acids, the 

liberation of the dye acid entails the addition of an excess of acetic 

acid (750 c.c. of 8° B. acetic acid per kilo—0*082 gal. per lb.—of 

dye, when the water has been previously corrected). The different 

marks of alizarine blue, coeruleine, alizarine yellow, etc., require in 

addition about 2 per cent, of 8° B. acetic acid to facilitate 

extraction, this addition being made by degrees at intervals during 

the process. 

In mixed shades of different alizarine dyes it will always be 

possible, by exercising a little care, to work in a weak acetic acid 

bath, the acid being added gradually and not until the bulk of the 

dye has been absorbed. 

Delicate light colours and materials that are difficult to dye 

through, such as felt hat bodies, are preferably dyed in a slightly 

ammoniacal bath at the start; and after boiling has proceeded for 

some time, the acetic acid is added until the reaction becomes 

slightly acid. 

To shade dyeings made with alizarine dyes, the bath is 

neutralised with ammonia, the shading dye is added, and after a 

short time the acetic acid is run in by degrees. 

(b) Dye- Woods. — These are easier to manipulate than the 

alizarines. 

The mordanted wool may be entered at 50°— 60° C, and the 
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period of boiling may be shorter, an hour and a half being 

sufficient for dark colours. A neutral bath is employed. 

(c) All other mordant dyes can be dyed by entering the 

mordanted wool at 40° C., gradually raising the temperature to 

100°. and boiling for an hour to an hour and a quarter—longer 

boiling being only required in the case of chrome blue and chrome 

violet, for example, in order to complete the formation of the lake. 

They are all applied in a weak acetic acid bath, the amount of 

acid (1 to 1\ per cent, of 8° B. acetic acid) depending on how the 

dye draws. In some instances, e.g. cloth red, or goods that are 

difficult to dye, a little sodium acetate is added at first, followed by 

acetic acid. 

Dyeings that have a tendency to dust off, e.g. logwood black, 

are often returned to the mordanting bath for a short time, after 

dyeing, to improve the fixation of the dye. This treatment 

occasionally induces a slight modification of the shade, alizarine 

cyanine, for instance, becoming a little bluer and darker. 

2. Dyeing in a Single Bath.—This method has the advantage 

over the previous one of being quicker, simpler, and therefore 

cheaper, since the mordanting and dyeing are here combined into 

one operation. Herein, however, resides the drawback of the 

process, inasmuch as the formation of the lake in the bath results 

in a loss of both mordant and dye, and in most cases the dyeings 

are not so full or so well fixed as in the first method. There are 

three variants of this process:— 

(a) Dyeing in a Single Bath containing both the Dye and the 
Metallic Salts used as Mordants—In this case, therefore, the forma¬ 

tion of the lake proceeds in the bath itself, and for this reason an 

acid substance (oxalic acid or potassium bitartrate) must be added, 

in order that the colour lake may be presented in a soluble form to 

the fibre. At the same time it is thus evident that this method, 

which gives the brightest of all the mordanted dyeings, can only be 

employed when the colour lake is correspondingly soluble. Its 

chief uses are in the production of cochineal scarlet, dyeing with 

yellow dye-woods (especially quercitron), and in a few logwood 

dyeings which will be dealt with more fully later on. 

Latterly, also, this method has been applied to dyeing light 

shades with alizarine dye-stuffs. The dye-bath is charged with 

3 per cent, of alum, or an equal quantity of chrome alum, 2 per 

cent, of oxalic acid, and the requisite quantity of dye, the wetted 

goods being entered at 30° C.; the temperature is then gradually 

raised to 100° C., and is maintained thereat for an hour. Similar 

alizarine single-bath dyeings can be performed with the assistance 

of tin or iron mordants, some alizarines even giving dark shades 
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on materials that equalise well, e.g. a dark red, with alizarine S, 
alum, and Glauber salt. The only single-bath alizarine dyeings 
of any practical importance, however, are those produced by the 
aid of chromium fluoride. The bath is charged with the dye and 
3 per cent, of chromium fluoride, the damped goods are entered cold, 
then slowly raised to boiling and maintained there for an hour 
or an hour and a half. A number of pale blue, grey, and drab shades are 
produced on worsteds by this means, with or without vat bottoming. 

(b) The Deepening Method.—This is used in the production of 
a number of drabs and blues by the aid of fustic, santal, madder, 
logwood, and sumach. The red dye used in the case of light- 
shades is madder, the more powerful pigment, santal-wood, being 
employed for dark shades. 

Used alone, without mordants, the above dye-stuffs furnish only 
light shades; light drab, for example, being obtained by the help 
of fustic, madder, sumach, and potassium bitartrate. The addition 
of logwood furnishes greyer tints. 

In most cases, however, these dyeings must be darkened by 
the aid of mordants. Thus, for example, the goods are first dyed 
with fustic, madder, sumach, and logwood; the dye-bath is then 
cooled down by an addition of cold water, a little ferrous sulphate 
is added, and the whole is boiled up again for an hour. 

Dark browns are produced by this method in the following 
manner:—The goods are first boiled for about an hour in a bath 
containing fustic, santal, logwood, and sumach; then cooled as 
above, treated with copper sulphate, boiled for another hour,—and 
when required to be still darker, cooled again as before, treated 
with ferrous sulphate, and boiled one hour longer. 

It is impossible to give further details, the procedure depending 
entirely on the shade and depth of colour. For dark browns in 
general, 3 per cent, of copper sulphate and 1—10 per cent, of ferrous 
sulphate are employed; occasionally, for light shades, only a few 
hundredths to tenths of 1 per cent, of ferrous sulphate are taken, 
the copper sulphate being omitted altogether. Iron gives darker, 
copper brighter, shades. 

(c) After-Chroming ; Developing with Mordants.— Many acid 
dyes and substantive dyes, such as chromotrope, Victoria violet 
4 BS and 8 BS, patent blue, cloth red, milling blue (Kalle & Co.), 
flavazol (Berliner Actiengesellschaft), anthracene yellow, anthracite 
black, fast diamine red, anthracene red, etc., can be improved in 
point of fastness to milling by a hot after-treatment with mordants. 
This treatment has been styled “ after-chroming,” because only 
chrome mordants, i.e. chromium fluoride or potassium bichromate, 
are used. 
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It has been discovered (at the Hoechst Farbwerke) that acid 

alizarine dyes also can be applied by this method, both with alum 

as well as with the aforesaid chrome mordants. 

In the case of acid dyes the advantages of this method are, 

that the fastness of the dyes, particularly with regard to milling, 

is greatly improved, better equalisation and more thorough per¬ 

meation of the material being also ensured. 

The after-treatment with chrome mordants renders the colours 

somewhat darker, but otherwise their appearance undergoes little 

alteration as a rule. In the case of Victoria violet, purer blues 

are obtained; but with the chromotropes, to which this method 

was first applied, a complete change of colour ensues, the red 

shades produced in an acid bath being converted by this treatment 

into dark blue to black. 

The chemical reaction proceeding in the after-chroming treat¬ 

ment consists chiefly in the formation of a chrome lake of the 

corresponding dye; in a few instances, especially with several 

chromotropes (F.B., S.), chrome brown and chromogene I. (M.L.Br.) 

the reaction is one of oxidation, and consequently potassium 

bichromate is the only means that can be employed for after- 

chroming these dyes; in other instances the operation is per¬ 

formed partly with chromium fluoride and partly with bichromate. 

Some dyes, like the aforesaid Victoria violet, are decomposed by 

bichromate, and must therefore be treated with chromium fluoride. 

For all others, preference is given to whichever of these two 

chrome mordants furnishes the best results, chromium fluoride 

being most frequently selected, since it also renders the wool less 

harsh than the bichromate. 

For the acid dyes the following method is employed:—The 

goods are dyed first in an acid bath as usual, after which chromium 

fluoride is added—in the proportion of 3—4 per cent, for dark shades, 

or less for light shades—and the bath is boiled for half an hour 

to an hour longer. When bichromate is used the bath must be first 

cooled down by adding cold water, and in this case also an addition 

of a little oxalic acid towards the end of the operation is usually 

beneficial. 

Shading can be effected in the same bath, either before or 

after chroming, dyes of good equalising power being preferably 

used. When bichromate has been employed, the shading dyes 

selected must be such as are able to resist the action of this 

reagent, e.g. patent blue, many acid violets, azoflavine, orange IV, 

fast acid violet A2R, etc. Darkening with dye-woods, e.g. logwood, 

must be performed in a separate bath. 

For the acid alizarine dyes and several other mordant dyes, 
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the after-chroming treatment has the additional advantage that 

difficult materials are more thoroughly penetrated by the dye, 

and better equalisation is secured. 

The goods are first dyed in an acid bath, to which the chrome 

mordant is then added. Here the actual colour is developed by 

the addition of the mordant, on which account the method has 

been termed “ developing with mordants.” The bath is charged 

with 4-6 per cent, of sulphuric acid—it should be noted that 

many alizarine dyes draw badly when much sulphuric acid is 

used,—10-50 per cent, of Glauber salt, and the requisite quantity 

of dye. As can be seen, the proportion of Glauber salt fluctuates 

only within remarkably narrow limits, the amount depending 

entirely on the material to be dyed, and being larger in proportion 

as the material is more difficult to dye through and uniformly. 

For easily penetrable yarns 10 per cent, is taken ; for heavy close 

goods, 20 per cent, and over. Nevertheless, the above limit of 50 

per cent, is rarely exceeded in practice. The previously damped 

goods are entered at 50° G, or even hotter in the case of easily 

dyed goods, and boiled for an hour and a half, then cooled down 

to 50—60° C. by cold water, and, after the addition of the chromium 

fluoride or bichromate, boiled again for an hour to an hour and a half. 

The quantity of chromium fluoride taken varies from 2 to 6 per 

cent., and depends on the dye-stuff used; in most instances 3 to 4 

per cent, will be sufficient. Bichromate is used in the proportion 

of 1 to 3 per cent. 

Though alum and other mordants can be used for developing, 

only the above-mentioned chrome mordants are used in practice. 

With regard to the choice between the two, the observations already 

made in dealing with the after-chroming of acid dyes also apply here. 

Finally, it should be mentioned that, according to the recipes 

of the manufacturers of dye-stuffs, these dyeings can also be 

performed in two baths. The goods are dyed in the first acid 

bath as already described, and, after development, are finished in a 

second bath by boiling with bichromate (about 1 per cent.) and 

sulphuric acid, or with chromium fluoride alone, or this latter in 

conjunction with about 1 per cent, of oxalic acid. This method 

has the advantage over the single-bath process that the two baths 

can be used over again. 

Other mordant dyes for which the method of developing with 

mordants is of practical importance are—alizarine black, WR 

(B. A. S. F.) and diamine black (F. Bayer & Co.). For the first of 

these the method has the advantage of cheapness, whilst by this 

means the usual difficulty encountered with regard to the equalising 

of diamine black on mordanted wool is entirely obviated. 
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Both are dyed in a bath containing acetic acid—first with 

ammonium acetate and then with acetic acid, in the case of piece 

goods difficult to dye through, and afterwards developed in the 

same bath with 1 to 1J per cent, of bichromate. 

In the case of diamine black, when the goods are not difficult 

to dye through, Glauber salt is added, together with a little 

sulphuric acid to ensure more complete extraction; after adding 

the bichromate the goods are boiled for three-quarters of an hour, 

or an hour in the case of alizarine black. 

Special interest attaches to dyeing with cochineal and a few of 

the logwood dyeings, which will therefore now be dealt with in 

detail. 

Dyeing with Cochineal. 

Cochineal furnishes a red with tin mordants, and an amethyst 

(bluish red) with aluminium mordants. The first of these, cochineal 

scarlet, is one of the oldest, handsomest, and best colours known, 

and formerly played a very important part in wool-dyeing. Even 

at the present time the cochineal scarlet shade is highly esteemed, 

though nowadays it is produced by the aid of various ponceau reds. 

Nevertheless, when a fast scarlet is required, as is most frequently 

the case with smooth cloths, it must still be produced by means of 

cochineal. Frequently the colour is bottomed with cochineal and 

topped with ponceau, a dyeing of this kind being termed “ semi-fast 

scarlet,” whilst the cheaper colour obtained with ponceau alone is 

called “ fugitive scarlet,” though the actual difference in fastness 

between the cochineal and ponceau scarlets is confined to their 

behaviour during washing and milling, the latter bleeding whereas 

the former are fast. Cochineal scarlet, however, will not stand 

treatment with soap or alkalis without undergoing a change of 

shade and turning a bluish tinge, whilst ponceau scarlet remains 

free from appreciable alteration. In point of fastness to light the 

best ponceaus are little inferior to cochineal. 

There are two ways of testing the fastness of scarlet—by 

sulphuric acid and by stannous chloride solution. When touched 

with the former reagent, a cochineal dyeing gives a pure yellow 

stain, but in the case of ponceaus the colour is more or less 

brownish. When treated with a solution of stannous chloride of 

a certain strength—which can be determined by a few tests with 

the two colours—and heated, the ponceau dyeings are bleached 

entirely, whilst the cochineal dyeings are less affected. Semi-fast 

scarlet can also be easily detected by this means. 

For the most part, cochineal scarlet is produced with cochineal 



DYEING WITH COCHINEAL 161 

and lac dye, the resulting colour being somewhat less sensitive 

to the action of alkalis. In point of fastness to light these two 

dyes are about on a par; the handsomest shade, however, is that 

obtained from cochineal alone. 

Cochineal requires no preliminary treatment to fit it for use, 

whereas lac dye must first be mixed into a paste with water, left 

to stand for several weeks, incorporated with a solution of stannous 

chloride, and again left for some time, since fresh lac dye will 

not give a handsome colour, the beauty of the dyeing increasing 

with the duration of the preparatory treatment. The method of 

dyeing is the same whether the cochineal is used alone or in 

conjunction with lac dye; consequently, for the sake of brevity, 

cochineal alone will be mentioned in describing the process. 

Before entering on this description it should be stated that 

cochineal scarlet may be of various shades—full or thin, and more 

or less tinged with blue or yellow, as desired. It may be produced 

by mordanting and subsequent dyeing, or in a single bath. The 

latter method gives a more handsome red, of yellowish cast, whilst 

the other method furnishes more intense bluish red, and the 

material is dyed through better. Occasionally the two processes are 

combined, either by adding part of the dye to the mordant bath, or 

vice versd. 
The mordants used are stannous chloride (“ tin salt ”) with 

oxalic acid, or “ acid for scarlet ” with potassium bitartrate. By 

taking a small quantity of tin salt, a dull red, of bluish cast, is 

obtained, whilst an excess of tin salt or bitartrate gives a yellower 

scarlet, the latter salt furnishing a handsomer shade than is 

obtainable with oxalic acid. Scarlet produced with tin salt and 

oxalic acid is less sensitive to alkalis than that furnished by the 

other mordant mixture, though, on the other hand, the latter colour 

undergoes less alteration when heated. 

In any case, pure soft water must be used for dyeing scarlet, 

and the operation must not be too protracted, the colour being 

rendered muddy by prolonged boiling. It is impossible to obtain 

a pure scarlet in a copper pan, and tin vessels must therefore 

be used. Strangely enough, the colour obtained by dyeing in 

wooden vessels, where there is no metal to cause muddiness, is 

less handsome than that produced in tin vessels. 

The dye should, as far as possible, lie on the surface of the 

cloth, since under these circumstances the underlying white throws 

up the colour more brightly. The white section of the dyed goods 

is a characteristic indication of fast scarlet, the goods being always 

dyed further through when ponceau has been used. 

The best method of procedure to adopt for obtaining a hand- 

11 
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some scarlet is as follows:—The bath is prepared in a tin vessel, 

and contains only a part of the necessary cochineal and acid for 

scarlet, together with (purified, semi-crystal) bitartrate. The goods 

are entered very hot, so as to deposit as much as possible of the 

scarlet on the surface, the temperature being then raised to boiling, 

and the rest of the scarlet acid and cochineal added after awhile. 

The whole operation should not take longer than an hour and a 

quarter. About 15 per cent, of cochineal is required; but the 

amount of the mordant cannot be definitely given, owing to its 

very variable concentration. 

In the second method, 3 per cent, of tin salt and an equal 

quantity of oxalic acid are used. 

After dyeing, the goods are rinsed with water, slightly acidified 

with sulphuric acid to prevent the scarlet being tinged blue by 

the action of the bicarbonate in the water. The baths are not 

fully exhausted, and can be used over again with advantage. 

By topping the scarlet with rhodamine a very vivid appearance 

is imparted to the colour. For producing a yellow tinge flavine 

is generally used, this being added to the cochineal in the dye-bath. 

Buckthorn berries, and occasionally fustet wood, are also taken for 

this purpose. 

Scarlet occasionally exhibits a number of small black specks, 

so-called “ tin stains ” (tin sulphide ?), in which event the goods 

must be steeped in a solution of oxalic acid. 

Finally, it may be mentioned that very pale scarlets are also 

produced for pink shades. 

To obtain amethyst shades with cochineal, alum is used, with 

or without tin mordant. In this case the single bath method is 

inapplicable on account of the considerable precipitate that would 

form in the bath owing to the low solubility of the alumina lake. 

Moreover, lac. dye is unsuitable, this dye giving ugly brown shades 

with alumina mordants. The goods are mordanted with alum, 

bitartrate, and scarlet acid, and dyed in a fresh bath containing 

a little bitartrate and scarlet acid in addition to the cochineal. 

It is advisable to add a portion (about 1 per cent.) of the dye 

to the mordanting bath in order to ensure the goods being dyed 

through better. 

Cochineal dyeings are often darkened by topping with 

archil; madder or alizarine being also employed for brownish red 

tones. 

Occasionally the so-called “ scouring ” process is employed for 

blueing cochineal dyeings, the dyed goods being treated in a luke¬ 

warm bath to which ammonia is added by degrees. The operation 

must proceed slowly, and the goods must always be somewhat 
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“ over-scoured/’ since the colour goes back a little, i.e. loses some 

of the blue tinge, in drying. 

Black and Blue Dyeings with Logwood on Wool. 

Logwood is used in the form of chips or as an extract, and 

occasionally is subjected to a process of oxidation termed “ fermenta¬ 

tion,” the object of which is to convert the hsematoxylin present 

in the wood into the true pigment hsematein. 

According to Yon Cochenhausen, the different constitution of 

the chips and extract (which merely contain hsematoxylin) from 

that of the fermented product should lead to a modification in 

their method of employment, Which, however, is disregarded in 

practice. This observer’s view is that, in the case of the unfer¬ 

mented wood or extract, the hsematein is only produced during 

the operation, either as a result of prolonged boiling or of the 

oxidising action of the mordant on the hsematoxylin ; consequently 

these materials should preferably be used, in conjunction with 

iron and copper mordants, for dyeing wool that has been mordanted 

with potassium bichromate and sulphuric acid. If, however, the 

available mordants have no oxidising action, e.g. alumina mordants, 

or potassium bichromate in presence of an organic acid, then better 

results will be obtained with fermented logwood. Finally, he 

considers that the fermented product should never be used after 

the said oxidising mordants, since in such event the destruction 

of the hsematein, which is readily oxidised to brown substances, is 

to be feared. 

The fermentation is performed in a primitive manner, usually 

in the dyeworks, by spreading the logwood chips in irregular heaps, 

which are then moistened with water, or weak solutions of alkali, 

and turned over at intervals. 

A more rational method of procedure is as follows:—The chips 

are laid in heaps, about eighty inches in depth, on a well-ventilated 

upper floor, where they are slightly moistened and left for several 

days or weeks, according to the time of year. The completion 

of the process may be recognised from the appearance of the wood, 

which, when properly fermented, is of a dark red-brown colour and 

exhibits in places (if sufficiently rich in pigment) a greenish in¬ 

crustation of hsematein crystals, with metallic lustre. The wood 

is then spread out in thinner layers and dried at about 50° C. in 

order to prevent further oxidation, which might prove injurious to 

the hsematein. 

Logwood extract is prepared in various ways, which may be 

divided into two chief classes,—with and without pressure; the 
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former furnishing a larger yield, whilst the latter gives the better 

quality product. The yield stands in direct relation to the degree 

of pressure and temperature employed for the extraction. 

In extracting under ordinary pressure, which method is adopted 

in some works, the comminuted and unfermented wood is placed 

in a diffusion apparatus of the type used in sugar-refining, and is 

extracted with warm soft water, the sole pressure applied being 

that of a column of water about 10 feet high. If the product 

be intended for the calico-printer, the extraction is carried on at 

60° C., but if for dyeing, the temperature is increased to 80°. The 

operation will be finished in about five to six hours, and the residue 

is used as fuel. Extraction at 80° C. should give a yield of at 

least 2 5 per cent.; at lower temperatures it is naturally smaller, 

but of better quality. If the American method be employed— 

extracting in closed vessels—the pressure should never be less 

than two atmospheres, and the quality suffers in proportion as the 

yield exceeds 30 per cent. 

The solution obtained by one or other of the above methods 

is clarified by settling, and then concentrated to 30° B. in vacuo. 
The extract for printer’s use, which must be entirely free from 

solid matters, is filtered before concentration, and the latter process 

is frequently stopped when the density measures 20° B. Solid 

extract is also made, but is less suitable for use—especially in 

printing—since in the preparation no trouble is taken to remove 

impurities, without which latter, indeed, the production of a solid 

extract by evaporation is impossible. In point of dyeing power, 

6 parts of solid extract correspond to about 10 parts of a 30° B. 

liquid extract. 

As regards the quality of the wood to be used, little can be 

said on this point generally, cheap logwoods being occasionally 

better adapted for the production of extract than dearer sorts. 

Extensive use has latterly been made of roots, chiefly from Jamaica, 

in the production of extract. The very fine extract sold under the 

name “ hsematein ” is prepared from Laguna logwood. 

The literature on the preparation of logwood extracts is com¬ 

paratively large, but contains so many unreliable and contradictory 

reports that it will be left out of consideration here. There are 

also a large number of patents dealing with improved methods of 

manufacture and purification. Thus, to give an instance, Foelsing’s 

patent proposes to extract fermented logwood and pass an electric 

current through the resulting solution kept under pressure, the 

object of this treatment being to de-resinify the extract. With 

regard to the technical value of this and similar processes no 

information is available. 
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Logwood is also extracted by two methods—with and without 

pressure—in dyeworks. In the latter case the chips are put into 

bags and boiled in water for two hours in a wooden vat. In the 

pressure method the chips are put into a small upright boiler and 

boiled twice—a quarter of an hour each time—with water, under a 

pressure of at least two atmospheres. A frequent source of error 

in this method is to work with too large a quantity of chips at a 

time; properly the boiler should be only about two-thirds full. 

The black dyeing of wool with logwood is an art of great 

antiquity, there having been a guild of black dyers as long ago as 

the eleventh century. Formerly a fast black was produced on a 

vat bottoming, but at present, from motives of economy, this method 

has almost entirely disappeared, leaving the field to the three 

following processes:— 

1. Iron black, or Salzburg black (so called because frequently 

produced with the aid of “ Salzburg vitriol,” consisting of ferrous 

and copper sulphates), with ferrous sulphate and copper sulphate as 

mordants. 

2. Chrome black, with potassium bichromate and copper sulphate 

as mordants. 

3. Single-bath black, mordanted with ferrous sulphate, either 

alone or in conjunction with copper sulphate. 

An important point is the quality of the water used for dye¬ 

ing, softness being essential; so that hard water must be corrected 

with acetic acid. The resulting calcium acetate has a favourable 

influence on logwood dyeings, for reasons that have already been 

discussed in the chapter on Mordants. 

Iron black is the oldest wool black known; the method is 

employed in a number of modifications, but only the simplest and 

most rational form will be described. The material is first 

mordanted with 10—15 per cent, of ferrous sulphate, 4—6 per 

cent, of copper sulphate, and 1J-2 percent.—sometimes as much 

as 5 per cent.—of potassium bitartrate. Loose wool requires more 

mordant than piece goods. In the case of finer goods the pro¬ 

portion of bitartrate is increased, the result being that the material 

is dyed through better. Dyeing then follows. Nowadays extracts 

are chiefly used for dyeing loose wool, yarns, and the finer piece 

goods, logwood chips serving for lower-class goods. The black 

obtained by the use of extract is dearer but finer, and has a cleaner 

appearance than that from chips. A very handsome blue-black can 

be obtained with 10 per cent, of solid extract, the quantity of chips 

required for dyeing varying between 30 and 60 per cent., according 

to their richness in dye and the quality of the goods to be treated 

—the finer the material the larger the amount of dyewood. Some 
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dyers prefer the inferior kinds of logwood (e.g. Monte Christo) to the 

better sorts for this purpose. To convert the bluish tinge char¬ 

acteristic of logwood blacks into deep black, the dye-bath must 

receive an addition of about 2 per cent, of 30° B. fustic extract. 

The goods are entered hot, raised to 100°, and boiled for an hour 

and a half to two hours. The after-treatment with copper sulphate 

is frequently given in order to deepen the black and remedy 

defective mordanting. When mordanting has been correctly per¬ 

formed the dye-bath will be of a wine-yellow colour. After dyeing, 

the goods must be thoroughly washed—piece goods receiving an 

addition of fuller’s earth—to dissolve the adherent unfixed particles 

of dye. If this be omitted the colour will rub off to a considerable 

extent. 

Chrome Black.—The production of a deep logwood black with 

a chrome mordant alone is impossible, this method furnishing a blue- 

black which, moreover, is fugitive under the influence of light. 

Consequently in practice the so-called chrome black is produced 

with the aid of copper sulphate, the resulting colour being deeper 

and faster to light; the shade depends on the amount of copper 

sulphate employed. 

The wool is mordanted with 3 per cent, of potassium bichro¬ 

mate, 1J-3 per cent, of copper sulphate, and 1J per cent, of 

sulphuric acid ; and is then dyed in the same way as for iron black. 

To ensure the black rubbing off as little as possible, which is an 

important consideration in yarns intended for Working up along with 

white, the wool is returned to the mordanting bath for a short time 

after leaving the dye-bath. 

Single-bath black is produced in two ways. Formerly a common 

black was obtained by dyeing the goods for some time in a decoction 

of logwood and 5—6 per cent, of sumach, and then darkening with 

ferrous sulphate. 

This, however, rubs off more extensively than any other black 

dyeing on wool, and its use is therefore restricted to common wools 

and yarn waste. If a single-bath method appears advisable, either 

on the score of cheapness or because the prolonged boiling in the 

two-bath process is likely to injure the quality of the goods, then 

the dye-bath is prepared with 4 per cent, of ferrous sulphate, 2 per 

cent, of copper sulphate, 2 per cent, of oxalic acid, 10 per cent, of 

30° B. logwood extract, and J-l per cent, of fast yellow. After 

boiling the bath liquor and cooling it down with cold water, the 

goods are entered and boiled for an hour. 

An essential condition to success in this method is the use of a 

proper quantity of oxalic acid, which reagent is added to dissolve a 

portion of the colour lake formed in the bath, since, like other 
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textile fibres, the wool can only absorb dyes that are presented in 

the dissolved state. 

If the dye-bath contain too little oxalic acid it will seem quite 

turbid, owing to the greater part of the colour lake remaining un¬ 

dissolved ; consequently it will not furnish a full black. On the 

other hand, if the oxalic acid be in excess, not only will the whole 

of the colour lake be dissolved, but its absorption will be retarded. 

In such case the bath is quite pale, and naturally will not give a 

full black. 

The single-bath method is also applicable to other dyeings; 

thus, a good navy blue can be produced in this manner with log¬ 

wood, acid violet, and acid green, whilst logwood and cloth red give 

a fast brown. For this last purpose the single-bath method was 

first applied, by Oehler, to replace santal. 

A logwood dyeing still frequently practised is the so-called log¬ 

wood blue, which is a handsome colour, but very fugitive to light. 

It is produced by mordanting the goods with 8 per cent, of alum, \ 

per cent, of copper sulphate, 1 per cent, of bichromate, 4 per cent, 

of bitartrate, and 2 per cent, of oxalic acid, and then dyeing with 

logwood; the blue obtained by the use of alum alone would be too 

dull. 

The washing fastness of the logwood dyeings is good; their 

fastness to light depends on the mordant used, copper and iron 

mordants giving fast colours, the other mordants fugitive shades. 

Iron black is very fast to light, but chrome black and logwood blue 

are fugitive, though the chrome black becomes satisfactorily fast 

when produced by the aid of copper mordant. On the other hand, 

iron black is very sensitive to acid; whilst chrome black is quite 

fast in this respect, dusts off to a smaller extent, and leaves the 

wool softer, on which account it is preferred to iron black for yarn¬ 

dyeing. 

Application of the Mordant Dyes to Silk. 

The mordant dyes are but rarely applied to silk; in fact, only 

when fastness to soap is desired. As in wool-dyeing, the chrome 

mordants are the chief ones used, alumina mordants being only 

resorted to for red and orange, and iron mordants for black. 

Of the mordant dyes that are suitable for silk, mention may be 

made of the following:—Alizarine yellow GGW, anthracene yellow, 

mordant yellow, diamond yellow, carbazol yellow, galloflavine, cloth 

brown, diamond brown, alizarine orange, alizarine red (the wool 

marks), Kalle’s cloth scarlet, galleine, anthracene blue, coeruleine, 

diamond green, alizarine black, diamond black, etc. As a matter 
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of fact, however, only a few are in general use, viz. alizarine red 

(e.g. the SX mark), alizarine orange, galleine, and coeruleine. 

The modus operandi is as follows :—A very rich bast-soap bath 

is prepared of equal parts of (weak) bast-soap solution and water, 

which is then neutralised with acetic acid, for pale and medium 

shades, or made slightly acid for dark shades. The mordanted silk 

is then entered cold, worked about in the cold bath for twenty 

minutes or so, then raised to 90—95° C. in about an hour, and kept 

at that temperature for an equal time. When soft water is used 

an addition of calcium acetate must be made to the bath for 

alizarine red. 

After dyeing, the goods are rinsed, energetically soaped by boiling 

for a quarter of an hour with about 2 parts of soap per 1000, then 

rinsed again, and finally brightened with acetic or oxalic acid (20-25 

parts of 6° B. acetic acid per 1000, lukewarm) for ten minutes. 

Logwood black plays a particularly important part in silk¬ 

dyeing, and, indeed, forms a special branch of this industry, quite 

distinct from colour dyeing. 

The black dyeing of silk is one of the most difficult tasks the 

dyer has to perform. The art of the dyer consists in dyeing the 

silk and loading it to different degrees, in all imaginable shades of 

black, without impairing its lustre. The extent of the loading to 

be obtained is highly divergent, the minimum being to parity (“ al 

pari”), i.e. the weight lost in scouring has to be made up again in 

loading; whilst the maximum loading attains 400 per cent. This 

latter degree was formerly reached in the case of souple silk for 

umbrellas, but is now almost entirely discontinued. The usual 

loading is about 50—60 per cent., light, souple umbrella silks being 

increased to the extent of 20-30 per cent., and heavy souples for 

the same purpose by as much as 190-200 per cent. 

The requirements exacted of black silk in respect of shade, feel, 

and lustre are extremely varied, and the method of dyeing has to 

be modified in almost every case; consequently only the main out¬ 

lines of the process can be sketched here. 

The silk for black dyeing is treated almost exclusively in the 

state of hanks. The dye used is generally a home-made prepara¬ 

tion, a 0T° B. decoction of logwood chips, the commercial extracts, 

which are prepared from more highly concentrated decoctions, con¬ 

taining yellow dye-stuffs, in addition to haematoxylin, and being 

therefore unsuitable for the black dyeing of silk: in fact, the 

handsome blue-black known in France as “ noir bleu bleu ” cannot 

be obtained by the use of commercial extracts. 

The silk is dyed in either the souple or fully scoured state. In 

the latter event, the modus operandi is as follows:—The silk is first 
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mordanted with Rouil mordant, as described in the chapter on 

mordants; after which it is blued by treatment in a bath containing 

potassium ferrocyanide and hydrochloric acid, whereby Berlin blue 

is developed on the fibre. In the next place the silk is entered 

into a hot bath of catechu, to which is gradually added a certain 

quantity of tin salt, the proportion of this latter varying directly 

with the degree of loading required. Then follows a second bath 

of catechu, this time without tin, and this is succeeded by the 

actual dyeing with the aforesaid decoction of logwood in presence 

of soap. The final operation is that of brightening, which consists 

of treating the silk in a bath containing emulsified olive oil and 

acetic acid or citric acid. 

This is a broad sketch of the process, which is performed in 

various modifications. 

Occasionally, to shade the dyeing, the silk is topped with 

fuchsine or methylene blue in a fresh bath. To obtain a blue tinge, 

iron pyrolignite must be used, the following treatment being inter¬ 

posed between the logwood bath and the brightening process:— 

A bath of iron pyrolignite; 

A cold, weak logwood bath ; 

A cold, weak catechu bath; 

A bath of soap and logwood. 

To obtain a still blue-black, the treatment with iron pyrolignite 

must be repeated after the second logwood bath. 

According to the type of black required, various modifications 

are introduced into the several stages of the process; thus, for 

example, a single mordanting and a single weak catechu bath with¬ 

out tin are sufficient for light souples; whereas, for a rich black 

(“ noir riche ”) the silk must be entered five times in a strong 

mordant bath and two catechu baths, one of them containing tin. 

For light cheap black, the blueing with potassium ferrocyanide 

is omitted, its place being taken by a bath of alkali blue, which, 

however, must be used before, and not after, the mordanting with 

iron. For the sake of cheapness, catechu may be replaced by 

chestnut extract and divi-divi for heavy souples. Finally, also the 

brightening process is in many instances omitted, especially when 

the souple is intended for moire, in which event a softening treat¬ 

ment is pursued. 

Some souples that are not required to be deep black are dyed, 

without logwood, by merely treating them with alternate baths of 

an iron mordant and a tannin mordant. 

The particulars of dyeing two different styles of black on silk 

are given below. 
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1. Noir Riche, with 50-60 'per cent, of Loading. 

1. The scoured silk is mordanted five times in a 30° B. bath 

of Bouil mordant. 

2. Entered cold in a bath of 20 per cent, potassium ferro- 

cyanide and 25 per cent, of hydrochloric acid, the latter added in 

two portions. 

3. The silk is entered in a bath containing 200 per cent, of 

catechu, at 80° C., and, when the bath has cooled down to 65° C., 

an addition of 15 per cent, of tin salt is given, the silk being left 

in the bath for five hours longer. 

4. The silk is entered in a boiling-hot bath containing 100 per 

cent, of catechu, and is left therein overnight. 

5. Dyeing with a 0*1° B. decoction of logwood and 50 per 

cent, of soap. 

6. Dyeing with fuchsine in a bast-soap bath qualified with 

acetic acid, at a temperature of 40° C. 

7. To the foregoing bath is added, for brightening the silk, a 

mixture of 5 per cent, acetic acid and 4 per cent, of olive oil in 

the form of an emulsion. 

2. Trame Noir Souple Persan, with 150—160 per cent, of 

Loading. 

1. Treat with 5 per cent, of hydrochloric acid at 50°. Squeeze. 

2. Mordant twice in an 18° B. bath of Bouil mordant. 

3. Treat in a cold bath containing 30 per cent, potassium 

ferrocyanide and 40 per cent, of hydrochloric acid. Wash. 

4. Enter in a decoction of logwood (density, 0*03° B.), at 40° C. 

5. Enter in a bath of 500 per cent, of catechu, at ‘60° C.; heat 

and add 10 per cent, of tin salt when the temperature reaches 

70° C., and an equal amount at 80° C. The entire operation takes 

a day; the goods are then washed with water at 40° C. and 

drained. 

6. Treat for an hour in a bath of 100 per cent, of soap, at 

60° C.; drain and dry. 

7. Enter in the above catechu bath for one hour; wash. 

8. Enter, at 50° C., in a bath containing 75 per cent, of soap 

and a little methylene blue. 

9. Enter, at 40° C., in a bath containing 3 per cent, of gelatin 

and 20 per cent, of acetic acid. 

10. Brighten with 4 per cent, of oil and 15 per cent, of acetic 

acid, at 40° C. 
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Application of the Mordant Dyes to Cotton. 

The most important mordant dyeings on cotton are the Turkey- 

red process, several catechu dyeings, and, in a secondary degree, 

logwood black. In this branch, and especially in the dyeing of 

loose cotton, there still exist various irrational methods which have 

been handed down by tradition, and, having been based on the 

dyeing of wool, are really unsuitable for cotton. These dyeings are 

effected by the aid of dye-wood extracts, the cotton being boiled in 

dissolved mordants—alum, bichromate, copper sulphate, etc.,—then 

left exposed to the air all night, and dyed next day in a hot bath. 

Single-bath dyeings, darkened by after-chroming, are also still not 

infrequently performed. Leaving these out of consideration for 

the present, there are really two methods in use for dyeing 

cotton with mordant dyes. The chief of these consists in mor¬ 

danting the goods and then dyeing in a bath, which, with few 

exceptions, should be neutral. The goods should first be treated in 

the cold dye-bath for about a quarter of an hour, the temperature 

being then raised, in about three-quarters of an hour, to 60-70° 

C., and there maintained for three-quarters of an hour, after 

which the goods are washed, and, in some cases, soaped hot or 

warm. 

By this means a series of Bordeaux, garnets, browns, and 

violets are obtained with alumina alone or alumina and iron as 

mordants, on piece goods, the dyes used comprising alizarine, quer¬ 

citron, redwood, rubine (impure fuchsine), and methyl violet, and 

being combined in pairs or threes—not employed all together. Thus 

brown shades are produced with alizarine, quercitron, and logwood, 

after mordanting with alumina and iron mordants, the colour being 

shaded, if necessary, with rubine or methyl violet. Strangely 

enough, the low fastness of the two latter dyes is not manifested in 

these combinations. 

Of late a variety of dyeings for the production of discharge 

effects on piece goods have been performed by the aid of 

chrome mordants, the dye mostly concerned being anthracene 

brown. 

A second method for dyeing (mainly piece) cottons with 

mordant dyes is that of Erban and Specht, which, though originally 

designed for Turkey-red, is also applicable to the production 

of a whole series of lighter colours. It consists in first 

padding the goods with an ammoniacal solution of dye, then 

drying, entering in a mordanting solution, redrying, and after¬ 

wards effecting the combination of the dye and the mordant by 

steaming. 
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Turkey-Red Dyeing. 

By the name “ Turkey-red ” is understood a red dyeing effected 

on cotton by the aid of alizarine, alumina, lime, and fatty-acid com¬ 

pounds. For several hundred years this colour, thanks to its 

beauty and fastness, has played a part comparable to that of indigo 

in blue dyeing. It probably originated in India, and was brought 

from Turkey to France, where the method of performance was 

published by the G-overnment in 1765, and whence the process 

spread to other European countries. 

The production of Turkey-red was at one time the monopoly of 

a few manufacturers, who kept their operations a profound secret. 

In more recent days, however, this industry, which previously 

remained without any important changes, has made rapid strides 

through the supercession of madder by artificial alizarine, and the 

introduction of modern apparatus. The principal modification of 

of all resulted from the introduction of Turkey-red oil, which has 

entirely replaced the older process for dyeing piece goods, and to 

a great extent in dyeing yarns as well. The superiority of the new 

method over the old chiefly resides in its greater brevity, the pro¬ 

duction of the red now taking only as many days as formerly 

weeks. 

A good deal has been written with regard to the formation and 

composition of the colour lake here in question, and considerable 

research work has also been carried on in this connection. It was 

first discovered by Rosenstiehl that the formation of the lake from 

alizarine and alumina could not take place except in presence of 

lime. This was confirmed by Liechti and Suida, etc., it being also 

found that all Turkey-red dyeings contain lime. 

The principal results of the labours of Liechti and Suida may 

be briefly recapitulated. If a solution of aluminium sulphate be 

treated with a corresponding quantity of an ammoniacal solution 

of alizarine, there is formed a dark red precipitate, consisting of 

a combination of one molecule of alumina with three molecules of 

alizarine. 

This “ normal aluminium alizarate ” is readily soluble in water ; 

whilst the basic alizarates, which contain a smaller proportion of 

alizarine, e.g. 1—2—3 molecules to two molecules of alumina, are in¬ 

soluble in water and alcohol. Alkaline solutions of the normal or 

basic alizarates can be mixed with Turkey-red oil or soap solution 

without undergoing decomposition; but, on the alkali being neutral¬ 

ised, red precipitates are thrown down. 

Liechti and Suida also prepared the calcium compounds of 

alizarine. Normal calcium alizarate, CaO . C14HG03, is formed, as a 
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blackish violet precipitate, by the action of lime water on alizarine. 

The acid and basic alizarates, which are similar in appearance, pass 

over into the condition of the normal salt when warmed, from 

which it must be concluded that the normal alizarate is also formed 

during dyeing. Mixed with Turkey-red oil, and steamed after 

printing on cotton, this salt is decomposed into alizarine, calcium 

sulphate, and the corresponding fatty acid compound of lime. 

Therefore, since the steaming of the dye in presence of Turkey-red 

oil also occurs in the process of Turkey-red dyeing, it cannot be 

assumed that calcium alizarate is present as such in Turkey red. 

On the other hand, one is obliged to consider lime as an essential 

constituent of the colour lake, the latter being therefore assumed to 

be an aluminium-calcium-alizarate. According to Liechti and 

Suida, a “ normal red ” has the composition A1203. CaO . (C14H603)3. 

To produce this red upon the fibre the goods should be charged 

with 0*198 grm. of alumina (A1203), and be dyed with 7 grms. 

of alizarine (in the form of 20 per cent, paste) per metre of cloth. 

In comparison with the above formula all the reds met with in 

practice exhibit an excess—generally considerable—of alumina, 

which, however, neither improves the beauty nor the fastness of 

the colour. 

The amount of lime taken up in the dyeing is determined by 

the quantity of alizarine present; conversely, a material containing 

more lime will absorb a larger proportion of alizarine. When free 

calcium alizarate is present the red will have a brownish look; its 

beauty and brightness will be greatly improved by steaming in 

presence of Turkey-red oil, as will be evident from what has been 

stated above. 

So far the results obtained by Liechti and Suida; nevertheless, 

the part played by the fatty acids in Turkey-red dyeing has not yet 

been clearly defined. We know, from experience with the mordants, 

that fatty acids exert a fixative influence on alumina as on other 

mordants, apparently by the formation of the corresponding fatty 

acid salts. However, whether the compound of alumina with the 

fatty acid combines with the alizarine in the formation of Turkey- 

red, or whether the alizarine precipitates the fatty acid in order to 

itself combine with the alumina alone, is a question that cannot 

yet be decided. 

Since the Turkey-red lake always contains an excess of alumina 

and fatty acids, it may be justifiably assumed that a portion of the 

fatty acids is contained, as an alumina soap, in the dye. This 

assumption also affords a plausible explanation of the difficulty 

experienced in damping yarns dyed with Turkey-red oil, and the 

hardness of such yarns. To some extent also the fatty acids 
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probably form a mechanical protecting envelope for the colour lake, 

and thereby increase its fastness and lustre. 

Tannic acid also plays a part in Turkey-red dyeing, since 

without this acid it is impossible to produce a fast Turkey-red. 

Its chief action is to render the dye fast to chemicking (chlorine), 

a matter of importance in the case of yarns that have to be woven 

with unbleached yarn, and then fully bleached in the piece. As in 

the case of the fatty acids, here also it must be assumed that the 

tannic acid first fixes the alumina; whether, however, it is chemi¬ 

cally combined with the Turkey-red lake or not is unknown. 

Finally, so far as the composition of the “ old red ” is con¬ 

cerned, we must assume it to correspond in the main with that of 

the “ new red.” Fatty acid compounds of the alkalis are brought 

upon the fibre in large quantity, and are probably oxidised into 

oxy-fatty acid compounds. Hence, in the subsequent mordanting 

with alum, there must be formed the oxy-fatty acid compounds of 

alumina and alkali sulphate. Moreover, old red contains a larger 

quantity of oxy-fatty acid compounds with alkali, as such, a 

circumstance explaining the greater fastness of this dye towards 

acids, as also the softness of the dyed yarns and the readiness 

with which they can be moistened- 

To produce this old red, the yarn is cleansed by steeping for 

some time in water, followed by boiling in soda, almost without 

pressure, and washing. Next follows the characteristic feature of 

the process—mordanting with oil. For this purpose the yarn is 

treated for about a minute with an emulsion of “ tournant oil ” 

and soda or potash, by the aid of a mechanical appliance imitative 

of hand-steeping, after which it is squeezed and dried. The first 

stage of drying consists in hanging the yarn on a series of wooden 

frames set up in a spacious courtyard; and from these frames the 

yarn is transferred to the drying chambers, where it is left for 

some time, e.g. overnight, exposed to a temperature of about 

40—50°C. This temperature must not be exceeded, and for this 

reason provision is made in large works for the automatic ringing 

of an electric bell when an undue elevation of temperature occurs. 

When dry, the yarn must be perfectly cool before it is laid in heaps, 

otherwise it may be weakened as a consequence of over-heating. 

This process of impregnation with oil and alkali is repeated three 

to five times. In the oil bath a dissociation of the oil into glycerine 

and the fatty acid compound of the alkali used takes place, the 

latter compound being absorbed by the fibre; so that the more 

often the bath is used the more glycerine will it contain. The 

absorbed alkali-fatty-acid compound is converted into an insoluble 

form when dried, probably by oxidation into an oxy-fatty acid 



APPLICATION OF MORDANT DYES TO COTTON 175 

salt. The unmodified fat is finally washed out by treating the 

fibre with lukewarm water and a little soda, the resulting solution 

of soap being afterwards used as a brightening bath. 

After oiling comes the sumach treatment, the yarn being 

steeped for several hours in a warm decoction of sumach leaves 

(12-13 per cent.); this is followed by squeezing and aluming, 

without any intermediate washing. The alum bath consists of a 

fairly strong (about 12 per cent.) solution of iron-free alum, 

neutralised as nearly as possible with soda. The yarn is stretched 

on rods and immersed in the warm liquor. The rods carry toothed 

wheels on their extremities, which wheels, by engaging one in 

another, set the rods in rotary motion, and thus enable the yarn to 

be reeled in the mordant liquor. When properly impregnated in 

this way, the yarn is left at rest in the liquor for several hours, 

after which it is washed, preferably with hard water (to neutralise 

the sulphuric acid in the bath), and is then ready for dyeing. 

This operation is performed in wooden vats containing ali¬ 

zarine (mostly with blue tinge), a little sumach, and ox blood; 

and, in the event of the water being soft, a little calcium acetate 

must be added as well. The tannic acid and yellow pigmentary 

matter of the sumach are absorbed first by the fibre, and help to 

ensure regularity of dyeing. The addition of ox blood to the bath 

assists in clarifying the colour, the impurities being enveloped by 

the coagulating albumin of the blood, and thus kept from absorp¬ 

tion by the fibre. 

The yarn, stretched on frames, is immersed in the cold bath, 

which is then raised to 100° C. in three-quarters of an hour, the 

goods being well worked the while. They are then lifted, tied 

together, and immersed in the bath once more, where they are 

boiled for a further three-quarters of an hour, in order to com¬ 

pletely fix the dye. 

To brighten the colour the goods, after dyeing, are first boiled 

with soda in large vessels, under a pressure of about a quarter of an 

atmosphere, to remove all impurities. This is followed by a similar 

boiling with soap; though sometimes the yarn is passed through a 

cold solution of the salt before boiling with soap, this treatment 

giving a brighter red. It is assumed that the tin is contained in 

the form of tin oleate in the fibre. Finally the goods are well 

washed. 

With the single exception of cost, this old red is superior in 

all its properties to the new red described below. The ratio of 

cost is as five to three. The fastness to acid and chlorine is 

greater than that of new red, and the yarn is also far softer. Yarns 

may also be dyed pink by the old red process. 
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The chief role played by the new red process is in the dyeing 

of piece goods.1 The operations in this new method, which owes 

origin to the discovery of Turkey-red oil, are as follows: padding 

with the mordant, oxidising, dyeing, dunging, oiling, steaming, soaping, 

and washing. The first operations, which are performed in order to 

fix the alumina on the fibre, have already been described in the 

chapter on mordants, and will therefore be taken as known. The 

dyeing is effected in the hank, the usual adjuncts to the bath 

being sumach, bran, size, Turkey-red oil, and, in the case of soft 

water, calcium acetate. So far as the size is concerned, this 

adjunct is only employed as a resist, i.e. to protect from the dye 

those parts of the printed surface that are to finally appear white. 

The Turkey-red oil, having no particular influence on the colour, 

may be omitted with advantage, though still used in some works. 

The bran has a cleansing action on the colour lake, and the 

sumach plays the same favourable part here as in the old red 

process, both as regards the fixing of the alumina and the uniform 

absorption of the alizarine; however, as it stains the material 

yellow, it must be replaced by tannin when the production of a 

blue-tinged red is in question. Finally, so far as the alizarine 

itself is concerned, the marks mostly in use are those largely 

consisting of anthrapurpurine. The selection of the particular 

mark of alizarine to produce a given shade is facilitated by making 

small trial dyeings with so-called “ garancin strips,” i.e. strips of 

cotton fabric printed with alumina and iron mordants (these are 

obtainable from, inter alia, Koechlin Freres, Miilhausen). The 

amount of alizarine required depends on the thickness of the 

cloth and the depth of red to be produced; from 8J to 8f grms. 

of 20 per cent, alizarine being taken per yard of 30-inch material. 

Bran and sumach are used in equal parts—each one-half of the 

quantity of alizarine employed. 

Greater care is needed in dyeing than with the old red process. 

The pieces are entered in the cold bath for half an hour, the bath 

then heated very slowly to 60° C., whereupon the steam is shut off 

and the dyeing proceeds in the cooling bath, so that the operation 

takes two to two and a half hours altogether; then follow washing 

and drying at a moderate warmth. In consequence of the presence 

of free calcium alizarate in the colour lake, the goods have a dirty 

brown look at this stage. Next follows padding with Turkey-red 

oil solution, the stronger the better for the beauty of the colour, 

1 According to Hummel, cottons are also dyed Turkey-red by the Steiner process, 

which consists in padding them in a hot oil bath, followed by quick drying at sharp 

heat, then padding with soda solution and drying as before, these two operations being 

repeated some seven times. The goods are next passed through soda and water, washed, 

dried, mordanted, dyed and brightened. 
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though this oil imparts a yellow tinge, which must be borne in 

mind when a bluish cast of red is desired. To give one example 

of quantities, 100 parts, by weight, of Turkey-red oil (90 per 

cent.) are taken per 1000 parts of water. For red that is to 

be afterwards discharged a smaller proportion of oil is taken, in 

order to facilitate discharging. After oiling, the goods are dried 

and then steamed, it being noted that the red comes out brighter 

when the stuff is introduced in a slightly damp condition into the 

steaming chamber. 

Steaming is performed for two to two and a half hours under 

a pressure of about two atmospheres, and exercises a very beneficial 

effect on the brightness of the colour. It is succeeded by the 

equally important operation of soaping, which renders the colour 

purer and more vivid, the process being effected at boiling-heat for 

one and a half to two hours, with about half a pound of Marseilles 

soap per sixty-yards piece of cloth. To improve the brilliance of 

the colour and give it a yellow cast a little sodium stannate is 

added to the soap bath, the same procedure being adopted when the 

shade comes out too full. 

As an appendix to the foregoing description, it must be added 

that the oiling process depends on the tinge—bluish or yellowish— 

to be developed in the red. In the former event a slight oiling is 

given, this taking place after dyeing; whereas in the other case a 

twofold oiling is applied—one before mordanting, the other after 

dyeing. For the first oiling, a strong solution—e.g. 25 parts, by 

weight, of Turkey-red oil per 100 of water—is used, the goods 

being padded with this and then dried; then mordanted as usual, 

fixed, dyed, and padded again, this time with a weaker solution— 

e.g. 6 per cent, of Turkey-red oil. If oil has been brought on the 

fibre before dyeing, this latter operation can at once be proceeded 

with, and at a higher temperature than that already given. In this 

event the reaction that, under ordinary circumstances, goes on in 

the steaming chamber is in part completed in the dye-bath. 

Of late a very considerable improvement has been made in this 

new red process by abbreviating the cumbrous operation of mor¬ 

danting. This improvement was based on the fact, already utilised 

in the old red method, that cotton containing a large proportion of 

oil can be mordanted with alumina by simple immersion in a solu¬ 

tion of basic alum. The modus operandi is as follows:—The goods 

are padded with a strong solution (20 per cent.) of Turkey-red oil, 

then dried in the hot flue, immersed for some time in a solution of 

basic alum, squeezed, piled in heaps, and finally washed with hard 

water, or, preferably, entered beforehand in a warm chalk bath to 

neutralise the sulphuric acid from the mordant. All the subsequent 

12 
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operations are performed as before. Yarns are also dyed new red 

in this manner. 

The method of Schlieper and Baum effects the dyeing of Turkey- 

red in a very peculiar manner. The goods are first mordanted with 

sodium aluminate, and then treated several times over with chalk, 

in order to convert the sodium aluminate into calcium aluminate on 

the fibre. The dyeing is performed by passing the material through 

a boiling-hot solution of alizarine in lime-water, in three to four 

minutes. After dyeing, the goods are padded with “ acid soap,” 

dried, steamed, and soaped. 

Although the red obtained by this method is cheaper than that 

from the ordinary process, the method itself has not met with any 

extensive application, probably because some of the details of the 

manufacture are known only in the inventors’ own factory. 

Mention should also be made of the Erban-Specht process, 

which is specially adapted for the production of pink. The details 

of the process are given in the prospectus issued by the Hoechst 

Farbwerke. 

Colours in Competition with Turkey - Red.—Until lately 

alizarine was without a rival as a red dye for cotton, merely a few, 

quite fugitive, yarn-dyeings having been performed with croceine 

scarlet. However, since the discovery of Congo-red and benzo- 

purpurine, large quantities of cotton have been dyed with these in 

(fugitive) imitation of Turkey-red. 

The most dangerous competitor of the last-named dye is nitrani- 

line red, which has largely displaced alizarine in the dyeing of piece 

goods, mainly by reason of its greater cheapness, the ratio of the 

cost of production of the two dyeings being about 4:1. Moreover, 

nitraniline red has the advantage of dyeing the goods through 

better than its rival, which remains more on the surface, so that 

materials dyed with alizarine red are unsuitable for raising. On 

the other hand, nitraniline red has some very grave drawbacks, the 

colour being too crude and glaring, as well as less fast to light and 

the influence of weather than alizarine red, especially when produced 

without the aid of antimony. In addition, its covering power is 

low, on which account the goods require to be well bleached before¬ 

hand, whereas Turkey-red will satisfactorily mask even a yellow 

cotton. 

Dyeing with Catechu. 

Thanks to its great fastness, this natural dye-stuff still plays a 

very important part in cotton-dyeing, and would be even more 

largely used, especially in calico-printing, if it could be discharged. 
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It also deserves remembrance in wool-dyeing, at least in such cases 

where great fastness to light is in question. 

Catechu dyeings have only one drawback, viz. that the material 

becomes harsh when dyed in dark shades. 

The dyeing process is based in part on an oxidation whereby 

the colourless catechu is converted into brown japonic acid, and 

partly on the formation of a colour lake. 

Light catechu shades are produced on loose cotton and yarns in 

the following manner:—The goods are dyed for a half to one hour at 

60° C. with yellow or brown catechu, or a mixture of both, and an 

addition of about 2 per cent, of copper sulphate. They are then 

treated for about twenty minutes in a bath of potassium bichromate 

or iron pyrolignite—the former applied warm, the latter cold. 

Developing with chrome gives reddish brown shades, iron greenish 

tones, intermediate shades being obtained by mixing the developers. 

Yellow shades are produced by adding fustic and alum to the 

dye-bath; for duller and more greyish tones the foregoing adjunct 

is replaced by logwood without alum. 

Dark catechu dyeings are always produced by the aid of dye- 

wood extracts (logwood, fustic, redwood). 

In dyeing loose cotton and yarn, the modus opemndi is as 

follows:—The goods are boiled for about an hour and a half in the 

dye-bath, containing catechu and copper sulphate, eventually also 

logwood or fustic extract, and then lifted and left exposed to the 

air. On the following day they are treated in a hot bath of 

potassium bichromate, and afterwards in a hot bath containing 

varying quantities of different dye-wood extracts, according to the 

shade required. This final dye-bath occasionally receives an 

addition of alum, or also tin salt for reddish tones. 

Piece goods are first padded with a weak acetic acid solution 

of catechu, and dried, then passed through a hot solution of 

potassium bichromate, partially neutralised with soda, rolled up, 

and left alone for some time. In the case of dark shades, the 

pieces are passed a second time through the chrome bath, and left 

rolled up for several hours. Yellower tones are obtained by adding 

alum to the chrome bath; still yellower shades by adding alum and 

fustic extract; whilst, for very dark shades, an addition of logwood 

extract is given. 

Catechu dyeings are frequently shaded by the aid of basic 

dyes, applied in a fresh bath in association with alum. 

More recently a product obtained by treating catechu with 

potassium bichromate or alum has been put on the market under 

the name of “ prepared catechu ” or “ catechin.” 
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Black-Dyeing Cotton with Logwood. 

The employment of logwood in the black dyeing of cotton has 

suffered considerably from the competition of aniline black and 

various substantive dyes. 

The first black on cotton was produced with sumach and iron 

mordants, the colour, however, being only a dark grey. At present 

there are two chief methods of dyeing cotton black with logwood. 

The first of these, which is mainly employed for loose cotton and 

yarn, consists in producing a colour lake from logwood, tannic acid, 

and salts of iron and copper, in various ways. 

The most rational of these is the following:—The cotton is first 

left overnight immersed in a decoction of 40 per cent, of sumach; 

it is then squeezed and treated for half an hour in a cold solution 

of iron pyrolignite (of about 3° B. density), followed by passing it 

through very dilute lime-water, and thoroughly washing. By this 

means iron tannate is produced on the fibre; the lime treatment 

serves to neutralise the acid. The iron pyrolignite may be replaced 

by “ iron nitrate ” or ferrous sulphate, a little levigated chalk being 

added to the bath in the latter case. A handsomer black is 

obtained by the use of alumina mordants—a little aluminium pyro¬ 

lignite, for exampler being added to the iron bath. 

The cotton thus prepared is next dyed with logwood, some¬ 

times in presence of a little fustic, by entering in the cold bath, 

which is then slowly raised to boiling. To increase the fastness 

of the black, the stuff may -afterwards be treated in a bath of 

bichromate (J part per 1000, at 60° C.) or iron nitrate. Some¬ 

times the shade is darkened in the dye-bath itself by an addition 

of copper sulphate. 

Finally the cotton is soaped, a treatment that makes the tone 

of the black more agreeable. 

The numerous variations of this method have been described 

by Ed. Weiler (Lehne’s Farber Zeitung, 1889-90, p. 137). 

The following method is generally employed for the production 

of mourning goods in piece dyeing:—The stuff is padded with a 

mordant solution consisting of 3 parts of iron pyrolignite (6° B.) 

and 7 parts of aluminium pyrolignite (7° B.), then fixed and dyed 

in a bath containing, in addition to the necessary quantity of 

logwood and a little quercitron, 2J oz. of borax, 1J lb. of sumach, 

and 5J—6J lb. of cow dung, per 22 gals, of bath liquor. For the 

first quarter of an hour the bath is cold, after which time it is 

heated so as to bring the temperature up to 80-90° C. in about an 

hour. After dyeing, the goods are washed, treated with bran, and 

washed again. The bran bath is prepared by boiling bran—packed 
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in close bags—in water, in the proportion of 1 part, by weight, 

to 100 parts of water, the cotton being then treated in this hot 

liquor for twenty minutes. 

5. Application of the Vat Dyes. 

This group contains only two dye-stuffs—indigo and indophenol 

blue. Both are insoluble in water, and therefore cannot be used 

directly for dyeing. On the other hand, their leuco-compounds 

are soluble, have a very decided affinity for the fibre, and are also 

gifted with the property of being readily reconverted into the 

dyes themselves under the influence of weak oxidising agents. 

Consequently, in order to dye with these dye-stuffs, all that is 

necessary is to impregnate the fibre with the reduced dye in solu¬ 

tion, and then expose it to the air. The fibre absorbs the leuco- 

compound of the dye-stuff, which is then reconverted by the 

atmospheric oxygen into the corresponding insoluble dye, the latter 

being precipitated firmly in and upon the fibre. 

This method has been practised from time immemorial with 

indigo, and plays a highly important part, inasmuch as indigo has 

been, and still is, the chief vat dye-stuff known. 

“ Vat dyeing/’ or “ blue dyeing,” is the term usually applied to 

dyeing with indigo, since, with the exception of the comparatively 

unimportant indigophenol, no other dye is applied in this manner, 

nor can indigo itself be fixed on the fibre in any other way. 

The term “ vat ” applies to the vessel employed for dissolving 

the indigo, and also to the solution itself. This latter is prepared 

by the aid of various reducing agents, which, however, can only be 

used in presence of an alkali, the resulting indigo white being 

insoluble except in alkalis. 

The vats may be divided into warm and cold, or fermenting 

and non-fermenting, vats. To the fermenting vats belong the 

woad, soda, potash, and urine vats; they are warm vats, and are 

employed exclusively for wool. The non-fermenting vats comprise 

the zinc or preparing vat, the vitriol vat, the hyposulphite vat, and 

the indigo-indigophenol vat. The first two of these are cold vats, 

and are therefore used solely for vegetable fibres; the others are 

warm vats, and can be applied to the dyeing of both vegetable and 

animal fibres. 

Whichever vat be employed, the first task is essentially the 

careful comminution of the indigo, since it is only when this 

substance is in a fine state of division that it can be brought into 

solution by reducing agents. For this purpose the indigo is mixed 

into paste with water and alkali, and ground for some consider- 
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able time in an indigo mill, of which there are numerous 
types. 

The most important of the fermentation vats is the woad vat, 
which plays a principal part in the dyeing of wool, and is used 
solely for this purpose, the warm vats as a whole being ill adapted 
for dyeing vegetable fibres, whilst the application of indigo to silk¬ 
dyeing has now been abandoned. 

The fermenting materials used in the preparation of the woad 
vat are woad, madder, bran, and syrup, the woad playing the chief 
part in the mixture. The addition of madder is in so far favour¬ 
able that, apart from its fermentative action, this substance takes 
part in the dyeing process by virtue of its tinctorial character, a 
valuable consideration when dark shades are in question. The bran 
acts as an instigator of fermentation, and, in addition, imparts to 
the bath liquor a certain degree of viscidity favourable to the 
suspension of the indigo that is to be dissolved therein. However, 
since the presence of a large quantity of bran would tend to choke 
the vat, a portion of this substance is replaced by syrup. 

The alkaline adjuncts to this vat are lime and soda. They 
serve to neutralise the acidity engendered by the fermentation, and 
to maintain the liquor in the state of alkalinity essential for bring¬ 
ing the indigo white into solution. In addition, they retard 
fermentation, and therefore afford a means of regulating the 
progress of this operation. 

The woad vats are usually round in shape, measuring about 
eighty inches across and eight feet in depth, and are set about 
two-thirds in the ground; for yarn-dyeing they are mostly 
square. 

The vats are started by powdering the woad, mixing it into a 
paste with boiling water and leaving to stand for some time, after 
which it is introduced into the vat, filled with water, the madder, 
bran, lime, soda, and ground indigo being then added. The pro¬ 
portions employed are—woad, 220—330 lb.; indigo, 11 lb.; madder, 
33 lb.; bran, 33 lb.; lime, 4j lb.; soda, 22 lb. The vat is now 
heated to 100° C., stirred up well, and covered up, after the fire 
has been drawn, in order to keep warm as long as possible—an 
essential condition for the inception of fermentation. After stand¬ 
ing twenty-four hours the vat is uncovered to see whether fermenta¬ 
tion has begun, which will be the case if the liquor “ works,” i.e. 
throws up a number of small bubbles; whilst the initially blue 
colour of the liquid has now become a yellowish green, a blue scum 
floats on the surface, and the smell has changed. Should these 
indications be absent, the vat is covered up again and left to itself 
for some time longer before being reinspected. As a rule, the woad 
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vat will have begun to ferment in two to three days, though the 

actual time may vary according to the time of year. 

When fermentation has commenced, the vat is limed by adding 

finely sifted slaked lime at intervals of two to three hours, stirring 

the contents up well after each addition. By this means the acidity 

produced during the fermentation is neutralised, and the fermenta¬ 

tion restrained at the same stage for some time, in order to bring 

the whole of the indigo into solution. The newly started vat 

cannot be used for dyeing immediately, because at this stage the 

fermentation and the solution of the indigo are only just begun; in 

fact, the vat is not fit for use until it has been limed several times 

and a large proportion of the indigo has been brought into solution. 

The vat in this stage exhibits the following characteristic indica¬ 

tions :—The vat liquor is olive green in colour, and carries on its 

surface a layer of copper-blue scum, the “ bloom,” |~1 inch deep; 

the smell is peculiar and faintly ammoniacal; and, where the 

separated scum has left the surface visible, a number of blue 

“ veins ” appear. When the vat has arrived at this stage, it must 

be used at once for dyeing, and not left any longer, otherwise the 

fermentation will proceed at the expense of the indigo. The woad 

vat can be kept in use for several months in succession, provided it 

be maintained in good condition in the following manner, the 

process, however, being one of the most difficult tasks the dyer has 

to perform:—After dyeing a whole day, the vat is reinforced in the 

evening by the addition of a certain quantity of madder, syrup, 

and lime, then heated, well stirred up, and left covered up all night 

for use the following day. In order to replace the loss of indigo 

sustained in dyeing, an addition of this dye-stuff must also be made 

at intervals every day or second day. 

The two extremes to be avoided are excessive fermentation 

owing to an insufficiency of lime, and a cessation of fermentation 

through an excess of that adjunct. The former condition, known 

as mildness, because of the sweetish odour evolved, can be remedied 

by adding lime at intervals until the smell and appearance resume 

their normal condition. If, on the other hand, the vat contain too 

much lime, it is considered to be sharp, and will smell strongly of 

ammonia, in which event the excess of lime must be neutralised by 

a gradual addition of acid, the fermentation being restarted by the 

aid of bran. Unless excessive fermentation be checked in time by 

adding lime, the colour will be wasted; and the final condition of a 

sharp vat is blackening. In either event, it is often impossible to 

remedy the defect, and the liquor has to be run to waste. This 

can, however, be avoided by careful supervision ; the dyer must be 

able at any time to tell, from the appearance, smell, and behaviour 
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during dyeing, whether the vat needs an addition of lime or a 

ferment. 

Yat-dyeing is performed at a medium temperature (about 

50° C.), and in this case, more than any other method of dyeing, 

great care is necessary to see that the goods are thoroughly damped 

beforehand. The scum must be removed before entering the goods. 

Loose wool is invariably dyed in circular vats, the wool being 

enclosed in a net, completely immersed in the vat liquor, and 

worked about therein by means of sticks. After about an hour it 

is lifted and well squeezed to express the excess of liquor. At this 

stage the colour is green and has to be developed into blue by 

oxidation, for w7hich purpose the wool is thrown in a heap on the 

floor and shovelled over so as to expose all parts to the air. If the 

vat is in good condition the lifted wool will have a yellowish green 

shade, which afterwards turns dark green before arriving at the blue 

stage, the latter being attained gradually. If the change occurs too 

quickly, the vat is too sharp; and converse behaviour indicates 

excessive mildness, the condition of the bath being thus determinable 

by dyeing a small sample and observing its behaviour after lifting. 

Occasionally such parts of the wool as have not come in contact 

with the air remain quite white. The development of the blue will 

be complete in about a quarter of an hour, whereupon the wool can 

be re-entered in the vat if a darker shade is required. 

To produce a bright light blue, a fairly fresh vat is essential, 

and this must contain less lime, and consequently more soda, than 

usual. However, the vat should not be quite fresh, since the first 

parcel dyed in the vat is always dull and muddy in colour, in con¬ 

sequence of the dun-coloured pigments of the madder and the woad. 

Finally, this vat must be rather weak in indigo. 

To match a dark blue exactly to pattern, the goods must first 

be blued in a strong vat until the desired shade is nearly attained, 

and then finished in a weak vat. 

Yarns are suspended on smooth sticks, then immersed in the 

vat liquor, and kept well worked about therein, after which they are 

lifted, squeezed, and left to blue. 

For piece dyeing, the vat is fitted with an attachment which 

enables the goods to be kept in motion all the time and below the 

surface of the liquor. At the end of one to three hours, according 

to the strength of the vat and the depth of colour to be produced, 

the pieces are unwound and the superfluous liquor squeezed out 

between rollers. To develop the colour the pieces are alternately 

folded and opened out, and are finally washed. Yatted pieces must 

not be left for any length of time in a warm place before washing, 

or they will be liable to turn mouldy. 
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The other fermentation vats are managed and applied in the 

same way as the woad vat, but, as they are of little practical 

importance, no further description is necessary. 

Frequently, in order to save indigo, vatted goods are topped 

with logwood, for which purpose they are first mordanted with 

alum, copper sulphate, potassium bitartrate, and oxalic acid, and 

then dyed with logwood. In other cases, however, they are 

mordanted in the same manner as for logwood blue (q.v.), which 

is a decided irrational process, the greater part of the indigo on the 

fibre being destroyed by boiling in the bichromate bath. These 

dyeings are known as “ semi-fast blue,” being less fast to light than 

vat blue. 

Occasionally the topping with logwood is only intended to 

secure better equalisation of the dye, uniformity being difficult 

to obtain on piece goods in vat dyeing. 

To produce a semi-fast blue with a blackish appearance, which 

though less brilliant than, is quite as fast to light as, true vat blue, 

and is also fast to wear, the goods are first blued in the vat, then 

boiled with santal, and afterwards vatted anew. 

To impart a vivid appearance to vatted piece goods, they may 

be topped with a small quantity of methyl violet or archil. 

The Hyposulphite Vat.—This vat is dealt with in connection 

with the fermentation vats, inasmuch as it also is used warm and is 

chiefly employed in wool-dyeing. 

The hyposulphite vat is based on the property of the hydro- 

thionic acid discovered by Schiitzenberger, of forming with indigo 

a colourless double compound, which is soluble in alkalis and is 

decomposed by the weakest oxidising agents, indigo blue being 

thereby liberated. For practical use, the sodium salt of hydro- 

thionic acid is prepared by allowing zinc dust to act on the bisul¬ 

phite in a tightly closed vessel, the mixture being kept stirred and 

cooled. The reaction is complete within about an hour, and is 

probably well expressed by the following equation:— 

4NaHS03 + Zn = Na2S204 + Na2S03 + ZnS03 + 2H20. 

The hyposulphite solution is rendered slightly alkaline with 

milk of lime, in order to diminish its instability, and is then 

ready for use. It is preferably stored under a gas seal. A 

stock solution of indigo is then prepared by heating 1 part of 

ground purified strong indigo with 4 parts of hyposulphite to 

80° C. for some little time. Of the resulting yellow-brown solution, 

a definite quantity, depending on the depth of blue desired, is 

added to the vat along with hyposulphite. 

Wool is dyed in the hyposulphite vat at 50—60° C., a temper- 
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ature that must not be exceeded by more than a few degrees. At 

the outset the vat liquor will be bluish grey in colour, and does not 

dye so well as when it has changed to yellowish green; in fact, in 

this first stage it behaves like a sharp woad vat. 

In worsted dyeing, the hyposulphite vat plays the most important 

part in the production of light shades that cannot be obtained in 

the same degree of beauty by means of the fermentation vats; con¬ 

sequently this method of application will be described first. 

The vat, filled with hot water, is first charged with the neces¬ 

sary quantity of stock solution and commercial hyposulphite solu¬ 

tion at the rate of about 3 gals, per 1100 gals, of vat liquor; 

after being well stirred up the vat is ready for dyeing. In the 

case of very light shades, the principal consideration is perfect 

equalisation, and this depends on two circumstances—(1) the well- 

damped yarn must be carefully separated into individual hanks, 

each of which is then suspended from a separate very smooth hazel 

rod; (2) the conversion of the green dyeing into blue must be 

performed in the most careful manner possible, as described in 

detail below. If these conditions are not properly fulfilled, the 

colours will be uneven and mixed. 

The rods laden with yarn are set side by side in a wooden 

frame, without touching one another, the whole being then slowly 

dipped into the vat. Here they are turned by hand at intervals, 

and remain until it is quite certain that the absorption of dye has 

ceased. This is necessary, because the hanks cannot be all taken 

out at the same time, but must be lifted in succession; and, since 

it is essential that the whole parcel should be uniform in depth of 

colour, no opportunity can be allowed for any of the hanks to 

absorb more dye than the rest. 

The absorption will be complete in about half an hour, where¬ 

upon the hanks are lifted from the vat one after another, rapidly 

squeezed, and then rinsed in cold water in the following manner:— 

Three or four tanks, about 10 feet long by 40 inches wide, are 

placed in a row close by the vat, and through these the yarn is 

passed in succession, being opened by a pair of workers in the first 

tank, worked round, taken over, and treated in a similar way by a 

second pair of workers, and thereby advanced a stage, the operations 

being repeated until the end of the last tank in the row is reached, 

whereupon the yarn is squeezed and drained in the hydro-extractor. 

The object of this treatment is to remove the superfluous vat 

liquor from the yarn as quickly as possible, and enable the blueing 

process to proceed gradually. The water in the said tanks must 

be renewed at intervals during the progress of the work; this 

applies particularly to the first tank, since this receives the largest 



APPLICATION OF THE VAT DYES 187 

quantity of vat liquor. The changing can be effected by making 

the feed and discharge continuous. 

The colour of the freshly lifted yarn is yellow, changing to 

green in the first rinsing tank, and then gradually turning blue, the 

change not being quite complete till the yarn has passed through the 

hydro-extractor. 

In this manner the palest blue shades can be obtained in 

perfect uniformity and clearness, the possibility of which forms the 

chief advantage of the hyposulphite vat. 

Before dyeing a second parcel of yarn in the once-used vat, the 

latter is replenished with indigo solution and hyposulphite (about 

l'S2 gal. of this last per 1100 gals, of vat liquor). 

In dyeing dark shades the proportion of indigo solution and 

hyposulphite must be increased, e.g. for 6*6 lb. of indigo gals, 

of hyposulphite. After dyeing for about half a day, a further 

quantity of about 3-g- gals, of hyposulphite must be added. 

For dyeing piece goods the vat is fitted with an appliance for 

keeping the pieces in motion, as in the case of the woad vat, and, 

after dyeing, the pieces are conveyed to the rinsing tanks over a 

set of guide rollers. Loose wool is dyed as in the woad vat. 

About 4 cwt. of wool per diem can be dyed medium blue in 

a hyposulphite vat measuring 10 feet in depth and 6|- feet in 

diameter. 

Quite a dark blue can be easily and quickly produced in the 

vat by an addition of acetic acid, it being unnecessary for the vat 

liquor to be strong. However, the dye-bath in this case cannot be 

used again. 

In addition to the already quoted advantages of the hyposulphite 

vat come the following, which render it the most perfect vat for 

wool-dyeing:—Easy manipulation ; non-necessity for supervision, 

since it may be laid aside to rest at any time; can be used for 

dyeing as soon as set; no sediment is formed except the dirt 

deposited by the wool; the resulting blue is perfectly fast to washing 

—at least in light shades—and does not rub off. 

On the other hand, the hyposulphite vat is very little used for 

cotton-dyeing, and then only at low temperatures—about 25—30° C. 

What the woad vat is for wool, the zinc vat is for cotton and 

linen. It has for the most part displaced the old vitriol vat, and is 

now almost the only vat used for cotton-dyeing. Its action is based 

on the property possessed by zinc dust, of readily decomposing water 

in presence of an alkali, and combining with the liberated oxygen, 

whilst the hydrogen reduces the indigo blue to indigo white, which 

is immediately dissolved by the alkali— 

Zn + 2H20 = Zn(OH)2 + H2. 
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Lime is the alkali generally used here. 

A stock vat is first set by mixing together 10 parts of ground 

indigo, 7 parts of zinc dust, and 20 parts of lime, to form a pulp 

with water and leaving the whole to ferment in a tub. In about 

twenty-four hours the process of reduction will be complete, where¬ 

upon a portion of the contents of the stock vat is transferred to the 

dye vat, stirred up in the cold water with which the latter is filled, and 

left at rest until the liquor has clarified, by which time the vat will 

be fit for use. The zinc vat varies in size and shape, but in the usual 

round form the ratio between depth and diameter is about 2^:1. 

The appearance of the zinc vat differs little from that of the 

woad vat, whilst the management 

is much easier, all that is necessary 

being an occasional replenishing 

from the stock vat or an addition 

of zinc dust or lime. If the vat 

liquor be green, too much indigo 

is present; if yellow, too little. 

When there is a deficiency of lime 

the vat becomes turbid through 

the evolution of hydrogen. After 
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each addition to the vat the liquor must be stirred up and then 

left to settle before use. 

Cotton may be dyed in this vat in all stages of manufacture; 

most frequently in piece form, less often as yarn. The piece of 

cloth to be dyed is wound on the frame shown in Fig. 26 in such a 

manner as to preclude contact between any two adjacent layers; 

and, after the scum has been removed from the vat, the frame is 

immersed in the liquor and kept therein for five to ten minutes. 

The frame is then lifted and kept in the air for an equal time, in 
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order to develop the colour. If the goods be dyed in several dips, 

the frame must be reversed after each, or else the lower part of the 

cloth will come out darker than the rest. After dyeing follows 

“ souring/5 which consists in entering the cloth, full width, in 

sulphuric acid of about 2° B. density, to remove adherent calcium 

carbonate and consequently brighten the colour. The operation is 

completed by washing. The indigo dissolved in the processes of 

souring and washing must be recovered. 

If the blue be desired to have a coppery appearance, the goods 

must be dried by heat. The brilliancy of the colour may be im¬ 

proved by methylene blue and methyl violet, these being, however, 

applied in the dressing, and not in the dyeing process. 

Frequently, and especially in yarn-dyeing, the operation of 

vatting is preceded by a bottoming with some other dye. This is 

primarily intended to economise indigo, but the goods are also 

dyed through better, and sometimes also the tendency of the vat 

blue to rub off is diminished by this means. The dyes used for this 

purpose are Columbia-black B, diamine black, Chicago-blue, benzo 

blue-black, etc. In small dyeworks topping with logwood is often 

practised, the dyed cotton being treated in a bath of logwood, alum, 

and copper sulphate, or else first entered in a solution of iron pyro- 

lignite and then dyed with logwood and alum. 

Finally, it may be mentioned that the dyed yarns are often 

treated in a hot chalk bath, which diminishes the tendency of the 

colour to rub off. 

The most important improvement in piece dyeing was the 

introduction of the continuous vat, a process wherein the alternate 

dipping and lifting of the goods is effected in a continuous manner 

by leading the cloth upwards and downwards over a series of rollers, 

partly in and partly out of the vat. The roulette vat is a kind of 

double vat, the dyeing process corresponding to a double passage 

through the continuous vat. 

The continuous vat process is superior to the older method in 

every respect; the blue is handsomer and better fixed; less indigo 

is lost in the washing, and, owing to the pressure of the squeezing 

rollers, the goods are dyed through better and a better green is ob¬ 

tained ; moreover, there are fewer light patches, and even dead 

cotton is dyed. For discharge effects this vat alone is employed, 

on account of the necessity for having a handsomer blue than is 

required when the goods are of one colour throughout. 

The vitriol vat is set with indigo, ferrous sulphate, and lime; 

the management and application are the same as for the zinc vat. 

Over the latter it possesses a single, but not unimportant, advantage, 

namely, that the blue is fixed better, owing to the slower rate of 
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dyeing. In all other respects it is inferior to the zinc vat, so that 

nowadays it is but seldom used. 

The indigo-indigophenol vat is set in a similar manner to the 

hyposulphite vat. Its advantage consists in replacing a portion of 

the indigo by the cheaper indigophenol. It is, however, not very 

easy to manage, owing to the difficulty in regulating the addition of 

hyposulphite, and has not attained any practical importance. 

Dyes competing with Indigo.—Attempts have been made 

to supersede indigo, for wool-dyeing, by a number of blue mordant 

dyes, such as alizarine blue, anthracene blue, alizarine cyanine, 

brilliant alizarine cyanine, etc., with some degree of success; and at 

the present time a number of dyeings that were formerly performed 

with indigo exclusively are carried out with these substitutes. 

The superiority of indigo over these rivals consists in the 

handsomer and fuller appearance, conjoined with the unsurpassed 

fastness of the colours to light. True, indigo fades a little under 

the influence of light; nevertheless, the blue, even in the lightest 

shades, always retains its handsome, bright tone, which is not the 

case with the other dyes mentioned. In fact, the latter can only 

replace indigo for dark shades, leaving it unrivalled for light blues, 

especially since the introduction of the hyposulphite vat. 

A dye largely used of late is Bayer’s sulphocyanine, by reason 

of its excellent fastness to wear and resemblance to indigo in 

colour. 

For cotton-dyeing a number of basic dyes, such as indoine, 

naphtindone, diazine blue, new blue, indamine blue, indophenine, 

meta- and paraphenylene blue, etc., have been employed to imitate 

indigo. However, when subjected to test, the resulting dyeings are 

far inferior in fastness to indigo, and the superiority of the latter 

becomes still more apparent. Under the action of acids, bleaching 

powder, washing, and light, indigo dyeings suffer merely quantitative 

alteration, the brilliant blue colour remaining unchanged. The rival 

dyes, on the other hand, mostly become discoloured, often reddish 

grey, and, in the dark shades, mostly rub off quite as much as vat 

dyeings. The best of these substitutes is indoine blue (B.A.S.F.) 

which is identical with naphtindone (C.) and diazine blue (Kalle). 

Dianisidine blue is incapable of replacing indigo for piece 

cottons, on account of its deficient fastness to acid; and, moreover, 

this dye is difficult to equalise. On the other hand, the developed 

or coppered dyeings of certain of the substantive dye-stuffs, such as 

diaminogen (C.), diazo blue R (By.), diamine blue RW (C.), etc., 

which are very fast to light and washing, give promise of becoming 

useful substitutes for indigo. 

Other dyes largely used for the production of dark indigo blue 
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dyeings are various kinds of diamine black, either direct dyed 

or developed, as well as direct-dyed diazo black and diamine 

blue BX. 

6. Application of the Developing Dyes. 

The developing dyes are not purchasable in the finished 

condition, but are produced on the fibre. They are applied solely 

to cotton, and are distinguished by their fastness. They are 

divided into three groups—(1) the ice colours; (2) aniline black; 

(3) mineral dyeings. 

Before proceeding to a special description, the following obser¬ 

vations should be made:—The first stage in the production of 

these dyeings on piece goods consists in bringing the dissolved 

potential dye-stuff upon the fibre by padding, squeezing, and drying. 

In performing these operations it must always be borne in mind 

that the amount of the substance thus brought on the fibre 

depends not only on the strength of the solution, but also on 

the pressure of the squeezing rollers employed, which must there¬ 

fore receive particular attention. 

The name “ ice colours ” is applied to a series of insoluble 

azo dyes, which are produced on the fibre, from their components, 

by the aid of ice as a cooling agent. The first processes of this 

kind were those described in the patents of Read, Holliday, & Sons, 

of Huddersfield (1880), and Fr. Grassier. Great difficulties had, 

however, to be overcome in applying the method on a large scale, 

and it was not until the end of the eighties that J. J. Weber, 

of Winterthur, succeeded in producing a red from amidoazobenzol 

and /3-naphthol on the fibre, on a manufacturing scale. Credit 

is also due to the Hoechst Farbwerke in particular, in connection 

with the further extension of these dyes, which, thanks to their 

cheapness and beauty, now play a very important part. 

The method actually practised is briefly as follows:—The well- 

bleached cotton pieces are padded with a solution of /3-naphthol 

in caustic soda, then dried, and afterwards passed through a solution 

of a diazotised amine, cooled by means of ice. The chief dyeings 

are— 

Scarlet with p-nitraniline; 

Bordeaux „ a-naphthylamine; 

Brown „ benzidine sulphate, with or without addition 

of <z-naphthylamine; 

Blue „ dianisidine. 

In addition, for reds, there are azophore red, nitrosamine red, 

phenetidine red, and, for a yellowish Turkey-red, /3-naphthylamine; 
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for blue, azophore blue; and for fast garnet, amidoazotoluol,—to 

be considered as amines. Moreover, blacks have latterly been 

produced by this process, use being made of “ azo black base ” 

(M.L.Br.), consisting of a mixture of dianisidine and benzidine; 

as well as azotol C (C.), either of which gives a black with 

/3-naphthol; as also the combination of nitraniline and naphthol 

BD (C.). 

The different manufacturers of dye-stuffs are busily endeavouring 

to increase the number of these dyes and to improve those already 

known. This applies particularly to nitraniline red and dianisidine 

blue, the endeavour being to produce the former in a more bluish 

tinge, similar to Turkey-red, whilst with dianisidine blue the 

endeavour is to improve its worst quality—the lack of fastness 

to perspiration. 

For red shades, the solution of /3-naphthol in caustic soda 

receives an addition of Turkey-red oil and sodium aluminate, or, 

in place of the latter, para soap PN; for blue, the adjuncts 

consist of ammonium ricinolate and sodium acetate, tragacanth 

being added in all other cases. The caustic soda employed for 

red must be pure, since this gives a dye less tinged with yellow 

and less liable to rub off. In the case of bluish reds, /3-naphthol 

is replaced by naphthol R, and for blue to stand the influence 

of perspiration, naphthol D. 

After the pieces have been padded with the preparation, they 

are dried, as thoroughly as possible, in the hot flue at a temperature 

of 60° C.; the better the drying, the fuller the resulting colour 

and the lower the tendency to rub off, though the use of high 

temperatures must be avoided or the naphthol will be vaporised. 

The goods cannot be treated with the preparation long in advance, 

but must be further treated as soon as possible afterwards—at any- 

rate during the same day,—or partial browning may ensue. 

The stability of the preparation can also be improved by the 

addition of an antimony salt dissolved in glycerine (Lauber & 

Caberti’s patent) ; and a preparation of this kind is met with in 

commerce under the name of naphthol LC. Probably other 

alkaline reducing agents would also have the same effect. 

In preparing the diazo solution of the amine for the developing 

bath, the amine is generally dissolved in hot hydrochloric acid 

and water, then cooled with cold water and mixed with a solution 

of sodium nitrite, accompanied with lumps of ice. The nitrous 

acid of the sodium nitrite is liberated by the excess of hydrochloric 

acid, and converts the amine into the corresponding diazo compound. 

Ten minutes, or even longer in some cases, should be allowed for 

the completion of diazotisation; the liquid is then filtered, and the 
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hydrochloric acid, which would retard the coupling process, is 

neutralised by the addition of a cold solution of sodium acetate 

immediately before use. 

In so far as the diazo solution contains an excess of free 

mineral acid, it is fairly stable, and can also be prepared without 

ice. After the addition of sodium acetate, however, it becomes 

readily decomposible. 

Tor some browns, tragacanth is added to the developing bath; 

and for dianisidine blue a solution of copper chloride is added 

in addition to tragacanth and wheaten flour, the colour being 

thereby rendered greener and faster to light. According to the 

recipe of the Hoechst Farbwerke, chromic acid should be added 

as well, in order to improve the fastness to perspiration and 

brighten the colour. 

To produce the azo dye on the fibre the fabric, prepared with 

naphthol, is passed more or less slowly through the developing 

bath, and then either led direct into water, or else carried through 

the air for some distance, in order to allow sufficient time for 

the completion of the coupling process, which varies with the 

different dyes ; sometimes the goods must be left as long as a quarter 

of an hour before washing. The dianisidine and azophore blues 

furnish brighter colours, of more greenish tinge, when the develop¬ 

ment is performed in two baths, in which case the second bath 

contains only the sodium acetate required for neutralising the 

hydrochloric acid. A passage through the Mather and Platt 

apparatus is particularly desirable for the full development of 

these colours, this treatment also making them greener in shade 

and faster to perspiration. 

The rapid oxidation apparatus of Mather and Platt, or, as it 

is generally termed for short, “ the Mather and Platt,” is a con¬ 

tinuous steaming apparatus, and is largely used in calico-printing. 

In the view of this apparatus shown in Fig. 27, a is an iron case 

of circular or quadrangular section, through which the goods i, from 

h, are passed over stretching rods k, l, and guide rollers n, o, in 

an ascending and descending direction, by means of the two sets 

of rotating rollers b, blt and are finally discharged through the 

same aperture above the rollers p, to be laid on the table x, 
by the folding device u, v, w. The rate at which the goods are 

moved forward is usually regulated so that they remain in the 

apparatus about one minute. 

Other details represented in the figure are—1, the steam admis¬ 

sion valve; y, the perforated steam-pipe; z, a false bottom; 2, the 

waste steam valve; g, a small steam-engine; h, a belt pulley ; /, 

a fly-wheel; and d, a belt pulley, with the speed gear o. 

13 
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The copper pipes situated at the inlet and outlet aperture for 

the goods are also heated with steam, to prevent wet stains arising 

from condensation. 

The final operation in all these dyeings is a soaping at 60° C.; 
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in the case of reds an addition of soda is advisable at this stage, 

to give the colour a more bluish tinge. 

The dyeing of nitrosamine red is performed in a somewhat 

different maimer, by reason of its constitution, both the components 

being brought on the fibre at the same time by entering the goods 

in an alkaline solution of /3-naphthol, nitrosamine, tragacanth, and 

Turkey-red oil. They are then immediately dried, and left for 

fourteen hours for the colour to develop. 

Sundry practical difficulties are encountered in the dyeing of 

yarns with ice dyes, but these have mostly been overcome, especially 

in the case of nitraniline red. 

Aniline black is the handsomest and fastest black for cotton, 

and has been the subject of more research and description than 

probably any other dye. It is applied to unbleached raw cotton, 

and can also be dyed on dressed cotton, the advantage of this latter 

process being that the colour is brighter through not being covered 

over by the dressing. 

Aniline black is produced by the oxidation of an aniline salt 

in two different ways, and we therefore have oxidation black and 

single-bath aniline black. The former and older method was first 

applied to calico-printing and afterwards transferred to the dyeing 

industry. The material is padded with a solution containing an 

aniline salt and oxidising agent, sal ammoniac (as hygroscopic), and 

generally also a carrier of oxygen, after which it is dried, the black 

being then developed by warm hanging or steaming, chroming, and 

soaping. The aniline salt generally used is aniline chloride, which 

should be as pure and free from toluidine as possible. The quantity 

employed in practice varies very considerably, the average being 

about 100 parts, by weight, per 1000, although a useful 

quantity can be obtained with 80 parts. The oxidising agent 

consists of sodium- or potassium-chlorate or a mixture of the two. 

In the different recipes employed in practice the average ratio 

between the chlorate (reckoned as sodium chlorate) to the aniline 

chloride is as 0'4 : 1*0. The oxygen carrier employed is a 

solution of vanadium or precipitated copper sulphide. Vanadium 

can be replaced by cerium, which is said to give the finest black. 

The preparation may be made by dissociating the cheap mineral 

cerite with sulphuric acid. The vanadium solution is prepared by 

dissolving 20 grms. of commercial ammonium metavanadate in 

100 c.c. of hydrochloric acid and 200 c.c. of water, warming along 

with commercial bisulphite until blue coloration and complete 

solution occur, and then diluting to 20 litres (4-^ gals.). This 

solution will then contain 1 part per 1000, by weight, of am¬ 

monium vanadate as chlorate (H. Schmidt). 
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The copper sulphide is prepared as follows:—11 lb. of 

flowers of sulphur are well mixed with 4-J- gals, of 36° B. 

caustic soda and left for a few days until completely dissolved, 

gentle heat being applied if necessary; on the other hand, 5 3 lb. 

of copper sulphate are dissolved in 55 gals, of water and added 

to the above solution of sodium sulphide, the precipitate being 

collected on a flat linen filter and well washed with hot water. 

The precipitation should not be effected from a concentrated solu¬ 

tion, or the sulphide will go down as coarse granules, enveloping 

a portion of the copper sulphate solution, which would then rapidly 

decompose the padding solution (Kielmeyer). The copper sulphide 

paste must be protected from air by covering it with a little 

ammonium sulphide; should oxidation nevertheless occur, the 

sulphide must be placed on a filter and washed with ammonium 

sulphide and water. 

The quantity of oxygen carrier required depends on the amount 

of aniline and oxidising agent employed, and also on the way in 

which the development is effected; the more oxygen carrier taken 

the more rapidly does the colour develop. According to Witz, one 

part of vanadium chloride is-sufficient to convert 200,000 parts of 

aniline salt into black; in practice, however, a larger proportion 

is taken: a few milligrams per litre of padding solution. The 

copper sulphide paste, which is about 30 per cent, strength, is 

used in the proportion of about 10 grms. per litre (1 per cent.). 

The action of the vanadium is explained by assuming the formation 

of a readily decomposible chlorate—that of the copper sulphide by 

the formation of copper sulphate. 

To prepare the padding solution, each of the above-named 

ingredients is dissolved separately in water (the copper sulphide 

used being merely stirred up in water), and the resulting solutions 

mixed in a cold state; the oxygen carrier must not be added until 

just before use. If copper sulphide be taken, the solution must 

contain some thickening ingredients, otherwise a sediment would be 

formed. The material to be dyed is then padded with a prepared 

solution, dried at the ordinary temperature, and, in order to start 

the oxidation, is then either passed through a Mather and Platt at a 

rate of about 60—100 yards a minute, or left for about two days in 

a slightly humid oxidising chamber at 25-30° C. Nowadays the 

former method is most in use; the other required some skill to 

carry out properly. 

The pieces placed in the oxidising chamber must be neither too 

dry nor too damp, since in the former case the colour develops 

badly and gives a dull brownish black, and, in the other case, 

development goes on too quickly. The development of the black is 
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retarded by draught or by too long a sojourn in the cold chamber, 

the reason for this being a partial volatilisation of the aniline and 

crystallising of the chlorate so that it can no longer oxidise. The 

piece turns a progressively darker green in the chamber owing to 

the formation of emeraldine, and when this shade has reached a 

certain intensity, further sojourn in the chamber is dangerous, the 

acid from the aniline salt rotting the fibre. On removing the 

pieces from the chamber the colour is developed by chroming, after 

which they are washed and finally soaped hot. 

Chroming is effected in various ways, the amount of chromate 

used ranging from one-fifth to ten grams per litre, in direct relation 

to the depth of black required. Chroming may be performed in an 

acid or in an alkaline solution. In the former case the average 

proportion is one molecule of sulphuric acid to one molecule of 

potassium bichromate, the material being treated in this solution 

for about ten minutes at 80° C., or it is treated in a similar fashion 

(sometimes in the cold) in a solution of chromate rendered alkaline 

by soda, in which latter event a subsequent soaping is advantageous, 

though not essential. A good oxidation black can also be produced 

in the following manner without any oxygen carrier:—The goods 

are padded in a solution containing 6 per cent, of aniline oil, 6 per 

cent, of hydrochloric acid, 2 per cent, of copper sulphate, .2 per 

cent, of potassium chlorate, and 2 per cent, of sal ammoniac (these 

quantities being reckoned on the weight of cotton to be dyed), then 

dried, and developed in the oxidising chamber at a temperature 

not above 27° C., chromed, oiled, dried, and washed. In the introduc¬ 

tion of oxidation black in yarn-dyeing, considerable difficulties had to 

be overcome; in particular, uniform oxidation in the warm chamber 

only became possible upon the construction of special reels on which 

the spread-out yarn is caused to rotate. Even now only a few 

works are fitted up for dyeing yarn in this manner, and for pro¬ 

ducing the so-called diamond black. 

There are two disadvantages attending on oxidation black; in 

the first place, the hydrochloric acid of the aniline salt always 

more or less strongly corrodes the cotton fibre, and, where the work 

is carelessly done, this may extend to a complete rotting of the 

goods. The second drawback is that the colour turns green after 

a short time. This change on the part of aniline black apparently 

results from the formation of emeraldine by reduction, and is the 

more retarded the deeper the black. An absolutely unchangeable 

black does not exist. Frequently, in order to improve the colour 

and mask the change to green, the black is topped with methyl 

violet. Oxidation black is also produced on any silk goods in just 

the same way as on cotton, and is generally topped with methylene 
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blue. Considerable advance in this branch has lately resulted from 

the introduction of the so-called Prudhomme’s black. The modus 

ojperandi is similar to the later methods, except that potassium 

ferrocyanide is added to the padding solution. This salt reacts on 

the aniline chloride, forming aniline ferrocyanide and potassium 

chloride. It differs from the above-described oxidation black, 

inasmuch as the fibre is not corroded, the hydrochloric acid being 

combined with potassium, and that the development of the dye pro¬ 

ceeds more gradually : a great advantage in the production of printed 

goods. The quantity of potassium ferrocyanide depends chiefly on 

the amount of aniline, the average being about 50 grins, per litre 

(5 per cent, by weight) of padding solution ; no oxygen carrier is 

required. The goods are first padded, then dried in a current of 

hot air by passing through a small chamber, and finally developed 

as in the older processes. 

Single-Bath Aniline Black has long been largely used for 

dyeing loose cotton and yarns, and more recently extended to 

cotton in warps. 

As the name implies, the dye is produced by dyeing the cotton 

in a single bath; this contains aniline chloride, potassium bi¬ 

chromate, and hydrochloric acid. Some dyers use, instead of 

hydrochloric, sulphuric acid, or a mixture of the two; and hydro¬ 

fluoric acid has also been proposed for this purpose (Thiess & Cleff). 

Others again replace a portion of the chromate by copper sulphate. 

The proportions of these reagents vary within wide limits. 

As far as the aniline salt is concerned, the quantity depends 

entirely on the depth of black required, and therefore is limited 

by consideration of expense. In practice, for this reason, not more 

than about 11 per cent, of aniline salt or 8 per cent, of aniline oil 

can be used; even with 8 per cent, of the salt a very good black 

can be obtained. The average quantity of bichromate is from 1*3 

to 1*6 parts per part of aniline salt. Finally, the quantity of acid 

used differs so considerably in the various recipes that no average 

figures can be given. Nevertheless, it is irrational to employ more 

than 12 per cent, of hydrochloric acid; and 8 to 10 per cent, 

would generally be sufficient. 

The dyeing process is performed as follows:—The ingredients 

are dissolved separately, and mixed in a perfectly cold state just 

before use. The dye-bath should be as cool as possible, and used 

in a wooden vessel, the time of exposure being two to two and a 

half hours. The black will be less likely to rub off if the acid be 

added in several portions, and not all at once. The cotton is at 

first coloured green, then blue, and finally black. In order to 

better utilise the bath, the temperature may be raised to about 
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60° C. during the last half-hour. The more concentrated the bath 

the quicker will the colour develop. 

The chief point in this method is to secure the development of 

the aniline as far as possible in and upon the fibre, and as little 

as may be in the bath, since the black deposited in the bath 

adheres only loosely to the cotton, and easily rubs off. A good 

aniline black bath should therefore remain clear as long as possible, 

although, towards the end of the operation, a deposit is always 

formed in the bath. 

On leaving the bath, the black is of an ugly brown shade, and 

must be improved by topping with logwood and hot soap. The 

logwood is fixed by the chrome deposited on the cotton whilst in the 

dye-bath. 

All single-bath aniline blacks have a more or less pronounced 

tendency to rub off; they are, however, faster to acid than oxida¬ 

tion black, and do not corrode the fibre. The rubbing-off may be 

considerably diminished by careful washing, preferably in running 

water after dyeing. Finally, mention may be made of two modi¬ 

fications of this process. In the one, the single-bath black is 

produced in a warm bath containing less aniline than usual (about 

8 grams per litre); the black, however, easily rubs off, and conse¬ 

quently this method is very seldom used. On the other hand, 

black is still produced on loose cotton by impregnating the material 

with a concentrated black bath, and then developing the colour 

by steaming. No advantageous method has yet been devised for 

recovering the chrome from the spent black baths. 

Of the mineral dyes developed on the fibre the following alone 

are of any practical importance:—Manganese bistre, iron chamois, 

Berlin blue, chrome yellow, and orange chrome. 

Manganese bistre is largely employed in calico-printing, on 

account of its fastness and the ease with which it is discharged. 

The goods are first padded with a solution of manganous chloride 

that has previously, to a slight extent, been converted into acetate 

by the addition of a little lead acetate. The concentration of the 

manganese solution is naturally in direct ratio to the depth of 

brown to be produced. Next, they are passed through boiling 

caustic soda of about 17° B. strength; then exposed to the air by 

passing over guide rollers, and, in the case of dark shades, returned 

to the soda bath. Finally, to ensure complete oxidation, they are 

treated in a hot bath containing about 1^- part, by weight, of 

potassium bichromate per 1000, and then washed. 

Very good results can also be obtained with manganous chloride 

alone, or another organic salt of manganese instead of the acetate, 

though it is advisable, to secure equalisation of the colour, that part 
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at least of the manganese should be in the form of acetate. The 

soda solution should be causticised beforehand with lime, since, if it 

contain carbonate, there will be formed on the material, in addition 

to manganese hydroxide, manganese carbonate, which is less easily 

oxidised and may give rise to irregularities in the colour. For 

light brown, the alkali may be weaker than that mentioned above. 

The padding with hot lye is effected in a steam-heated apparatus. 

In some works the final oxidation is performed with sodium hypo¬ 

chlorite, in the cold, instead of with bichromate. 

Iron chamois is only sensitive to acids, being in other respects 

a very fast dye. The iron salt used is the so-called iron nitrate, 

or iron acetate, prepared from ferrous sulphate and lead acetate 

by double decomposition, the displacement of the sulphuric acid of 

the iron salt by the acetic acid being, however, incomplete. The 

cheaper iron pyrolignite is not so suitable in this case, its tarry 

impurities muddying the colour. 

Even ferrous sulphate does not give good results. The shade 

of the chamois can be modified by adding aluminium acetate to the 

iron solution. The method of dyeing is as follows:—The goods are 

padded with the iron solution, dried, then left twenty-four hours 

in the warm oxidation chamber, and afterwards treated, for the 

precipitation of the hydroxide, in a hot (80° C.) bath, containing 

about 1 per cent, by weight of chalk and 0*3 per cent, of water 

glass (sodium silicate). Finally, they are washed, dried, and sub¬ 

jected to steam chemicking (see Calico-Printing), which gives the 

colour a more agreeable tone. 

This method, however, is confined to the production of discharge 

effects in calico-printing, the following being that pursued generally 

in cotton-dyeing:—The goods are passed in succession through an 

iron bath, a lime bath, and a chemicking bath containing “ chloride 

of lime,” these baths being contained in vessels similar to those 

used for the dunging process. After each bath a good squeezing 

is given to remove the superfluous liquor, and finally the goods 

are washed. 

Berlin-blue is a bright colour, fast to acids and light, and is 

still used, though only to a limited extent. The goods are pre¬ 

pared by passing them first through a bath of sodium stannate 

and then through sulphuric acid, after which they are washed and 

passed alternately through an iron bath and one of potassium 

ferrocyanide, until the desired shade is attained. 

Chrome yellow and orange chrome are still largely used, both 

on account of their rich bright tone and because they increase 

the weight of the goods. 

Chrome yellow is particularly fast to light, soap, and acids, 
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though it is turned reddish by alkalis, and brown (lead sulphide) 

by sulphuretted hydrogen. The same applies to orange chrome, 

except that this dye is unaffected by alkalis and is stained yellowish 

by acids. The behaviour of these two pigments towards acids and 

alkalis is due to their ready conversion one into the other, chrome 

yellow being transformed into the basic chromate (orange chrome) 

by alkalis, whilst the latter is reconverted into the yellow normal 

chromate by acids. Both pigments are poisonous. 

Chrome yellow is produced by depositing lead hydroxide or 

lead sulphate on the fibre, and then converting the compound 

into lead chromate by potassium bichromate. This is effected in 

different ways, especially as regards the fixing of the lead on the 

fibre. For instance, the goods are impregnated in a solution of 

lime, then treated in a solution of basic lead acetate, and then 

returned to the lime bath. Of course, a squeezing must be given 

after each immersion. The use of a basic salt of lead is explained 

by the chemical reaction, whereby the lime fixes the acid of the 

lead salt and deposits the hydroxide of lead on the fibre. Other 

dyers impregnate with a solution of a lead salt, dry, and then 

pass through a cold solution of ammonia (1 part to 6 of water) 

for two minutes. Again, the material is padded with a solution 

of magnesium sulphate, then dried, padded with a solution of basic 

lead acetate, and then left at rest for the formation of lead sulphate 

on the fibre. In any case, a good washing is given after the lead 

treatment, and the goods are then immersed in a solution of 

potassium bichromate (5—6 parts per 1000) at 50° C. for half 

an hour, and finally washed. 

For the production of orange chrome, the chrome yellow 

generated on the fibre is “ oranged ” by treating the goods for 

half an hour in a boiling-hot bath containing 1 part, by weight, 

of lime per mil. 

The Albumin Dyes are used only in Calico-Printing, and will 

therefore be described under that heading. 

IV. Dyeing on a Manufacturing Scale. 

Textile fibres are dyed on a manufacturing scale in the condition 

of loose material, rove, yarn, and woven fabrics, the latter being 

the most usual practice on account of the greater convenience and 

cheapness, it being possible to handle a larger quantity at a time 

with a smaller expenditure of dye, owing to the more closely 

compressed condition of the fibres. Dyeing the loose material is 

the most expensive form of all, there being a greater consumption 
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of dye, and more waste during spinning and weaving, owing to the 

more extensive tearing of the fibres that have become more or 

less closely matted together in the dyeing. Finally, it must also 

be borne in mind that some dyes, especially those produced by 

the aid of tin mordants, increase the difficulties of the milling 

process. Consequently the dyeing of fibres in the loose state 

is practised only in the case of better class single-colour fabrics, 

parti-coloured goods with woven designs, or in the production of 

yarns and fabrics from mixed fibres. By mixing together a number 

of loose coloured fibres, and then willowing, carding, and spinning 

the mixture, a series of shades can be produced that give the 

finished fabric the appearance of a uniformly coloured product. 

In this manner, by an admixture of white fibres with others dyed 

with dark shades fast to light, a faster light shade can be obtained 

than is possible by dyeing the whole in the same shade. (See Fast¬ 

ness of Dyes to Light.) 

In dyeing loose fibres, perfectly soluble dyes and extracts alone 

are suitable. The vessels employed are generally hemispherical 

copper vats, the bath being heated by a steam coil under the 

perforated false bottom. Of late years there is a growing tendency 

to employ closed vessels, or open vats fitted with a circulation 

pump (Fig. 28). 

Worsted yarn is often dyed in the state of sliver, this condition 

being more suitable than that of loose wool. The sliver, having 
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been slightly oiled, must be cleansed before dyeing, for which 

purpose it is steeped awhile in a very dilute warm solution of 

soda, then rinsed, and dyed after winding in hank form like yarn. 

The work must be performed with great care, since the sliver is 

easily torn and readily felts; the bath must not be boiling hot, 

nor may the material be worked about too rapidly. The advantage 

of dyeing in this form 

rather in the state of yarn, 

is that any slight inequal¬ 

ities are unimportant, being 

eradicated during the sub¬ 

sequent spinning process. 

In order to protect the 

material, it is now largely 

the custom to dye the 

bobbins of sliver or carded 

fleece in dyeing machines, 

wherein a circulation of 

the bath liquor is main¬ 

tained by suction and pres¬ 

sure, thus forcing the liquor 

through the material. A 

typical form of this class 

of apparatus is the Ober- 

maier revolver shown in 29. 

Fig. 29. 

This machine consists of the vertical main cylinder a, around 

which are mounted in four horizontal rows a series of small 

cylinders b, each containing a bobbin. At the junction of the 

bobbin cylinders with the main cylinder are a number of perfora¬ 

tions, and similar perforations are made in the lids, c, of the 

bobbin cylinders. In dyeing, the cylinder is placed above the 

discharge pipe e, in the dye-vat d (Fig. 30), and the pump is 

started. The liquor is first forced by the pump into the interior 

of the main cylinder a, thence through the perforations into the 

bobbin cylinders, where it traverses the material, and thence escapes 

into the dye-vat. When the tap g is closed, the liquor returns 

to the pump through the raised valve h, and the circulation begins 

anew; when the valve h is closed and the tap g opened, fresh 

dye liquor, mordant solution, or water can be run in through the 

pipe i. 
The vat is heated by steam-pipes, and is emptied by the tap h. 

This machine can be used for the various successive operations of 

damping, mordanting, dyeing, and washing, and also for drying 
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the material by means of hot air. It is advisable to add only 

one-half the requisite amount of dye at first, then take out the 

bobbins when the bath is nearly exhausted, and reverse them so 

that those formerly in the top row are now in the bottom, and 

so on, the bobbins being also turned end for end in the cylinders. 

When these mechanical dye-vats are used, the most soluble 

dyes should be selected, the materials should be as clean as possible, 

and the bobbins not too tightly wound. 

All fibres are dyed in the condition of yarn, and that, too, more 

often than the loose state. The general practice is to dye in 

hanks or in warps, and latterly it has become the custom to also 

dye in the form of cops, especially in the case of cotton yarn. 

Hank yarns are dyed in quadrangular wooden becks (Fig. 31), 

fitted with a false perforated bottom l, underneath which is situated 

a steam coil d, admitting steam to the bath. When, however, the 

volume of the bath liquor must not be allowed to increase during 

dyeing—for instance, in dyeing cotton with substantive dyes—a closed 

steam-pipe is used. The feed steam-pipe e must be separated by a 

wall c from the material to be dyed. The method of dyeing is as 

follows:—The hanks, g, are first fastened together by intertwined 

strings to prevent tangling, and are then hung in rows on smooth 

rods /, arranged crosswise on the edge of the beck. At intervals 

the hanks must be turned, a row at a time, by passing a rod 

through the whole row, lifting it out of the liquor, and giving it 
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about a quarter turn. When it is desired to add more dye to the 

bath, the depending end of each row of hanks is laid over the 

adjoining rod. The movement of the bath liquor must not be more 

than a gentle undulation, in order to prevent tangling or felting 

in the case of woollen yarn. This defect is also minimised by 

reducing the period of exposure in the bath. 

This method of dyeing entails a good deal of hand labour, on 

which account numerous hank-dyeing machines have been con¬ 

structed wherein the yarn carriers are usually caused to rotate by 

means of toothed wheels, thus turning the yarn mechanically. 

For dyeing warps the yarn is conveyed alternately up and 

down over guide rollers, through several dye-vats in succession. 

Cop dyeing has numerous advantages. In the first place, the 

yarn is delivered from the spinning frame in this condition, which 

is the most suitable for weaving purposes, whereas, in order to dye 

Fig. 31. 

the yarn in hanks, it must first be wound into hanks, then dyed, 

and afterwards rewound into cops, which naturally entails much 

labour and tends to increase breakage. To prevent all this, a large 

number of cop-dyeing machines have come into use, though only 

for cotton, the cop form being unsuitable for dyeing animal fibres 

owing to the less permeable character of these materials. 

Further advantages of these cop-dyeing machines are their 

higher working capacity, and the possibility of employing softer 

yarns, which therefore fill up the fabric better. 

Eeadily soluble dyes and simple methods of dyeing alone are 

suitable for this purpose. For the most part, substantive dyes, the 

indigo-hyposulphite method, and the Erban and Specbt alizarine 

method, are employed. The difficulties of cop dyeing increase with 

the number of preparatory operations necessary to the dyeing, and 

consequently the basic and mordant dyes are little used. 
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Most of the cop-dyeing machines are based on the principle of 

forcing the dye liquor through the cops by suction or pressure. 

The chief thing is to secure equal dyeing, and for this purpose it is 

therefore necessary that the resistance to be encountered by the 

liquor should be uniform throughout, in order that it may penetrate 

equally through all parts of the cops. 

Of the numerous types of cop-dyeing machines, only that of 

Mommer {see Fig. 32) need be mentioned here. The principle of 

the apparatus is as follows:—The cops to be dyed are formed into 

a block which presents the same resistance in every direction to the 

bath liquor. This block, a, is formed by placing together a number 

of frames in which the cops, mounted on heavy spindles, are 

arranged in parallel rows. Each frame then represents a porous 

wall of cops, through which the bath liquor can penetrate without 

difficulty. The block is placed between the two perforated 

partitions c in the closed air-tight chamber b, into which the 

bath liquor is forced by the pump e from the vat d, through the 

pipes / gy according to the way the taps h i are set, so that the 

liquor traverses the block either from right to left or vice versa. 
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In the position of the taps as shown in the figure, the liquor passes 
through the tap h into the chamber b, traverses the block b, and 
returns through the pipe k to the dye-vat d. The taps can also 
be set so that the liquor enters the chamber b through the pipe g 
and the tap i, and, after traversing the block of cops c, escapes 
through the tap li and pipe l to the vat d. 
2H Piece Dyeing.—The only time when this is a disagreeable 
operation is when the goods are defective and dirty. Many defects 
do not reveal themselves until after the goods are dyed, especially 

Fig. 33. 

when the latter have to pass through a somewhat complex process 
of manufacture, as is the case with woollen cloth. 

In such cases stains appear in the form of cloudy patches or as 
dark selvedges in full-width dyeing, etc., and this most readily 
happens when small dye-vats are used, where the central portion of 
the piece is more compressed than the edges, which latter therefore 
absorb a larger quantity of dye. 

A vat wherein all the operations of piece dyeing, such as damp¬ 
ing, mordanting, and dyeing, can be performed in succession is 
shown in Fig. 33. In this apparatus heat is applied through a 
steam-pipe l, which is separated from the goods by a perforated 



208 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

partition wall b. This smaller compartment also serves for the 

introduction of the added solution of dye. 

The pieces are sewn, end to end, in the form of an endless band, 

and generally reeled like a hank. If to be dyed full width, the 

piece is kept spread out by the aid of a stick in the hand of an 

attendant whilst slowly passing through the dye. More frequently 

several sets of pieces are wound side by side on the same reel, 

and are kept separated by lattice partitions during their passage 

through the dye-vat, in order to prevent them from getting mixed 

on the reel. Cotton goods are dyed in the same way, mostly in 

hank form. 

A machine largely used for dyeing piece cottons is the jigger, 

Fig. 34. It consists of a simple wooden vat a, on to which are 

screwed the cast-iron uprights 

b c, supporting the wooden rollers 

d e. The goods, which are wound 

on the roller e, are drawn through 

the dye-bath in the direction 

shown by the arrow, when d is 

set in motion, and are then 

wound up on the roller /, which 

is mounted in a slotted bearing. 

The roller e is fitted with a loaded 

brake in order to keep the goods 

at the proper tension. If the 

goods have to be passed through 

the bath for several hours in 

succession, they are wound on 

d at first instead of on /. On 

motion being imparted to the fig. 34. 

roller e and the brake applied 

to d, the goods traverse the bath in the opposite direction, and are 

wound up on e. The jigger is the best machine for dyeing piece 

cottons with substantive dyes or basic dyes. 

Before setting the dye-bath the water must be corrected or 

purified by boiling with soap or bran. The whole or a portion of the 

dye is then added. The usual method of dissolving the dye is to 

mix it into paste with a little hot or cold water and then suffuse it 

with a larger quantity of hot water, pass it through a linen filter, 

and run it into the vat; the undissolved residue is brought into 

solution by a further addition of water. As a rule, it is not 

advisable to place the solid dye-stuff in the vat. Distilled or 

condensed water should be used for dissolving dyes; in the case of 

basic dyes, a little acid facilitates solution, whilst soda is often 
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useful as an adjunct in dissolving acid dyes. Dyes in paste form 

must be carefully stirred up with water. 

After dyeing, the goods are generally rinsed, to remove adherent 

impurities and dissolved dye. Loose materials are rinsed in rinsing 

machines; yarns in the hank are usually hand-washed in the dye- 

vat, the dye liquor being drawn off and replaced by fresh water. 

There are also yarn-washing machines, wherein the yarns are 

suspended from revolving rollers. Washing in running water is the 

most efficacious. Piece goods are washed on the reel; in the case 

of fugitive dyes the pieces are passed full width through becks fitted 

with rollers. Owing to the multifarious character of the operation, 

it is impossible to go further into details. 

The dyed goods are drained in the hydro-extractor. Drying is 

effected, in the case of loose material, in special forms of apparatus, 

frequently by the aid of hot air in carbonising machines. Yarns 

and piece goods are dried by hanging in warm chambers ; piece 

goods more frequently in revolving cylinders, stretching frames, and 

calendering machines, similar to those used in the finishing process. 

The Selection of Dye-Stuffs for Dyeing. 

The kind of dye-stuffs to use for producing a particular colour 

depends both on the nature of the fibre and on the form in which 

it is to be dyed, and finally also on the requirements exacted of the 

colour itself. 

Cheap dyes will be chosen for cheap goods, and dyes fast to 

light for goods that will have to be exposed to the light a good 

deal. In dyeing loose wool the prime consideration is fastness to 

milling on the part of the dye, whilst in dyeing yarn and piece 

goods the equalising properties must chiefly be borne in mind. In 

short, the dyer must not only be in a position to produce a given 

shade of colour in dyeing, but he must also have an accurate know¬ 

ledge of the behaviour of the various dye-stuffs and their combina¬ 

tions towards the influence of light and the various other agencies 

{see Tests for Fastness) that may have to be encountered. 

Silk-Dyeing. 

Silk is dyed in the hank form almost exclusively, very rarely 

loose. Hand in hand with this operation goes that of loading, 

which is almost the more important of the two. 

It is only in exceptional instances that special requirements in 

respect of fastness are exacted of silk-dyeings. The dyes most 

suitable for the purposes of the silk-dyer are those enabling him to 

14 



210 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

produce all imaginable shades of colour in a rapid and easy manner, 

with perfect equalisation, the chief qualities being good capacity for 

equalisation and combination. In comparison with wool and cotton, 

the number of dyes employed is remarkably small, and these mostly 

belong to the group of acid dyes, the following being most in use :— 

Greens : acid green, malachite green. 

Yellows: quinoline yellow, citronine, azoflavine S; naphthol 

yellow and picric acid are often employed for shading in the 

brightening bath. 

Orange : orange II, 2B, etc. 

Brown: acid brown. 

Reds: Several ponceaus, roccelline, azocarmine, rhodamine, 

phloxine, primrose, Magdala-red. 

Violets: acid violet, methyl violet, violamine. 

Blues: alkali blue, marine blue, methyl blue, induline. 

Of these the most suitable for combination are citronine, 

orange II, roccelline, rhodamine, phloxine, methyl violet, methyl 

blue, and marine blue. 

Colours fast to water are obtained from citronine, roccelline, 

and marine blue, by solidification after dyeing. 

For colours to stand soap, the dyes most frequently used are 

a few alizarine reds (powder), alizarine orange, coeruleine, and 

galleine. 

Black, the most important dye for silk, is obtained with log¬ 

wood only. 

Wool-Dyeing. 

Wool is dyed in the loose state, as sliver, yarn, and in the 

piece after weaving; sometimes also in two stages of manufacture, 

e.g. by vatting in the loose state and topping in the piece. 

Of all fibres wool is the hardest to damp, and is therefore best 

dyed at boiling-heat. Consequently, dyeing in the vat, an operation 

performed at medium temperatures, affords a very sharp test as to 

the capacity of any sample of wool for absorbing dyes. 

The chief dyeings for wool are blue, red, and black. A very 

large number of dyes, singly and in combination, are used, the most 

popular and suitable of which will now be described, without any 

claim being made to absolute completeness. 

Green.—A number of bright shades, bearing the name “ billiard 

green,” are produced on woollen cloth. Formerly these were obtained 

from fustic, indigocarmine, and alum (in a single bath), but now¬ 

adays acid green is used exclusively, either alone or shaded with some 

yellow dye, such as naphthol yellow, quinoline yellow, fast yellow, 

or tartrazine, or by combinations of patent blue or indigocarmine 
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with one of the above yellow dyes. A particularly pure green is 

furnished by patent blue N and quinoline yellow. 

A brilliant green, fast to milling, is produced on yarn, by the 

use of milliug yellow 0 (C.) and patent blue A (M.L.Br.); on loose 

wool with anthracene blue WG extra (B.A.S.F.) and alizarine 

yellow GGW (M.L.Br.). Unfortunately, however, the last-named 

excellent dye will not entirely resist the influence of carbonising. 

A series of dull olive green tones are produced by combinations 

of red, blue, and yellow, e.g. with chromotrope, azo acid yellow, and 

patent blue; or with ponceaus, a yellow, and acid green; or, finally, 

with fustic and logwood. 

A very dark, almost black, fast green is obtained by dyeing the 

loose wool with fustic and alum, and then vatting. 

Yellow.—Bright shades of yellow are obtained with quinoline 

yellow, naphthol yellow, tartrazine, fast yellow, etc.; all these 

dyeings, however, are incapable of withstanding washing, and, 

except the two last named, are fugitive to light. They are em¬ 

ployed for equalising (trimmings for uniforms) and for many yarns. 

Faster dyeings are obtained by means of milling yellow 0 (C.) and 

with quercitron, or flavine, on zinc-alumina mordants. The two 

latter dyes reduce the milling fastness of the wool. A beautiful 

yellow that will completely withstand carbonising can be produced 

by dyeing with alizarine yellow GGW (M.L.Br.) and potassium 

bichromate in a single bath. 

Anthracene yellow C (C.) gives a very clear yellow, of greenish 

tinge, furnished by dyeing in an acid bath and then treating with 

chromium fluoride, the dye being less fast to milling when applied 

to previously mordanted wool. 

Dull greenish yellow colours are produced on loose wool by 

galloflavine, or coeruleine and fustic, on chrome mordant; on yarns 

and piece goods by an orange and an acid green. 

Orange is produced with one of the orange acid dyes, or with 

a ponceau and one of the yellow dyes already mentioned. For fast 

dyeings, cochineal and flavine are used on tin mordant; if duller 

shades are desired, flavine is replaced by quercitron, and a tin- 

alumina mordant is used. 

Reds.—The chief shades of this important colour are scarlet 

and madder red (a duller brownish red). For fast scarlets use is 

made of cochineal on tin mordant; for fugitive kinds, the various 

ponceaus. Madder shades are also produced with ponceaus; faster 

kinds, with cloth red or alizarine. 

It should be mentioned that considerable divergence exists in 

the fastness of the various ponceaus, a circumstance still insuffi¬ 

ciently known and appreciated in practice. Some of these dyes are 
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just as fast to light as cochineal; but without exception their 

fastness to milling is not good, since all of them bleed into the 

white during that process, though even in this particular differences 

exist. All of them have a greater capacity for penetrating the 

fibre than cochineal—the palatine scarlets in particular. 

The fastest to light of all the ponceaus are the palatine 

scarlets (B.A.S.F.), the Victoria scarlets (M.L.Br.), brilliant ponceaus, 

4RS, 3R, 4R (C.), a few marks of brilliant croceine (C.), croceine 

scarlet R (By.), croceine 3B, RX (By.), etc. The palatine scarlets 

are identical with dyes sold under other names; palatine scarlet A, 

for example, being the same as Bayer’s cochineal scarlet PS and 

Cassella’s brilliant cochineal. Those furnishing the more bluish 

shades are ponceau B extra (M.L.Br.), scarlet B (By.), new red 

5R (By.), a few B marks of brilliant croceine (C.), etc.; ponceau B 

extra, and scarlet B being the best as regards milling fastness. 

These two can be used for goods that are to be milled, but must 

then be dyed by the aid of tin chloride and potassium bitartrate; 

and the milling must be conducted with care. Colours that will 

stand sulphur are furnished by, e.g., ponceaus 2R, 3R, (M.L.Br.) 

and the cheap double ponceau 4R (By). 

The best means of producing, on loose wool or yarns, colours 

that will not bleed into the white when milled, is by the employ¬ 

ment of a red substantive dye. The most suitable for this purpose 

is the excellent dye, delta purpurine (dyed with common salt and 

potash); also brilliant Congo R, fast diamine red, anthracene red, 

Hessian purple N, etc. Many of the substantive dyes, like delta 

purpurine, brilliant Congo R, fast diamine red, etc. are also fast to 

sulphur, an essential condition for goods that are to be sulphur- 

bleached. 

The fastest red on wool is produced by means of alizarine 

(powder) on a mordant of alumina, chrome, and tin. For a madder 

red these mordants are used in the following proportions:— 

Alum 12 per cent. 
Tin salt . 33 

Potassium bichromate 1 33 

Potassium bitartrate . 4 33 

Oxalic acid 4 ,, (with water of about 20° 
of hardness). 

A colour of the same appearance can, it is true, be obtained 

with alumina and alizarine alone, but is not thoroughly fast to 

milling. 

Of course this by no means exhausts the list of red dyes applied 

in practice to wool, other shades (crimsons) resembling fuchsine, of 

a fugitive character, being produced on piece goods with fuchsine, 
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fast ones with fast acid violet A2E (M.L.Br.), or cheaper ones with 

azo acid fuchsine and similar dyes. 

Rose Red is applied only to woollen yarns and piece goods, the 

dyes used being cochineal, with tin mordant, rhodamine—and also 

other eosines, when the shade requires,—chromotrope, etc. Diamine 

rose (C.) is also suitable for this purpose. 

Bordeaux is produced, as a dark shade, fast to milling, on loose 

wool and on yarn by means of alizarine and chrome mordant. 

This colour bleeds slightly, but can be improved in this respect by 

adding copper sulphate to the mordanting bath. In piece dyeing 

this colour is mostly obtained with aniline dyes, various fast reds— 

among which special mention is deserved by the extremely powerful 

fast red O (M.L.Br.),—also with Victoria rubine and others, the 

shade being darkened, if necessary, with a blue dye, like cyanine or 

patent blue, or yellowed with an orange or an acid yellow. These 

red dyes are handsome and sufficiently fast to light, but do not 

equalise well. For this reason many dyers prefer to dye with a 

ponceau or chromotrope, and darken with a blue. 

A bright Bordeaux, very fast to light, can be obtained by the 

aid of fast acid violet A2R (M.L.Br.), chromotrope 2R, orange C, 

and a blue. 

A Bordeaux that is faster than can be obtained from aniline 

dyes, and of a shade not obtainable with alizarine dyes, is furnished 

by mordanting with alum, tin salt, and potassium bitartrate, dyeing 

with cochineal and madder, and darkening with archil according 

to requirements. 

Blue.—This is perhaps the most important of wool colours, and 

is produced in a variety of ways. 

For medium and dark blues, indigo is the first dye to be con¬ 

sidered, because it furnishes the fastest dyeings, or the so-called 

“ fast blues.” The wool is dyed in the vat both as loose wool, yarn, 

and in the piece, though, owing to the difficulty of obtaining proper 

equalisation by this last means, it is a general custom to blue wool 

in its loose state. “ Semi-fast blue ” is produced in two ways, the 

vat-blued pieces being either boiled with santal, or first mordanted 

with alum, copper sulphate, and bitartrate, and then dyed with log¬ 

wood, as already described. The blue obtained with the aid of 

sandars is much faster than that topped with logwood. Vat blue is 

also frequently topped with methyl violet or an aniline blue, to improve 

its brightness, or bottomed with azofuchsine (By.) to save indigo. 

Many medium and dark blues, for the most part on yarns and 

piece goods, are produced with blue alizarine dyes and chrome 

mordants; of these, special mention may be made of anthracene 

blue WG extra (B.A.S.F.), on account of its beauty and cheapness. 
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“ Wood blue,” which is bright and fast to washing, though 

fugitive to light, is still largely produced on piece goods. 

Similar dyeings, of satisfactory fastness, are also extensively 

obtained with sulphone cyanine (By.)—which is characterised by 

great fastness in wear and its resemblance to indigo blue—and 

naphthol blue (C.). So much, however, cannot be said of the various 

fast (induline) blues also in use, since most of them equalise badly, 

and, though fast to acid, are fugitive in the light. The recently 

introduced naphthazine blue (M.L.Br. and Dahl) is not very fast to 

light, but has the great advantage of not being affected by impurities 

in the goods. 

A number of blue dyeings, known under the names “ navy 

blue,” “ Tegethoff blue,” etc., are most easily produced with acid 

violet and acid green, or faster with logwood, acid violet, iron and 

copper mordants, and oxalic acid, in a single bath. Indulines are 

also used in combination with logwood, by mordanting as for wood 

blue, and then dyeing. 

The so-called “ potash blue,” formerly produced with logwood 

and ferrocyanide, is now most frequently dyed with patent blue, 

acid violet, and a small quantity of orange. 

Bright light blue dyeings are produced—generally on yarns— 

with alkali blue, or the somewhat faster (to milling) alkali violet, 

whilst perfectly milling-fast blue is obtained by combining alkali 

violet and milling yellow 0 (C.). Lighter tones are preferably pro¬ 

duced with Victoria blue, or, if required somewhat greener, with 

patent blue, etc. 

A number of dull pale blue to grey shades, known as 

“ pearl,” etc., are dyed with patent blue and an easily equalis¬ 

ing acid violet, and, if necessary, shaded with yellow; in the 

case of alizarine blue, anthracene brown, cceruleine, etc., are 

used for shading, the same dyes being used for shading after 

alizarine cyanines and chromium fluoride in a single bath; 

also by blueing in the hyposulphide vat, and topping with 

alizarine cyanines and chromium fluoride, with archil and indigo- 

carmine, etc. 

In these dyeings the imperfect fastness to light of alizarine 

blue is only apparent in the lighter shades; this dye can, how¬ 

ever, be replaced with advantage by patent blue, or the fairly light- 

and milling-fast fast acid blue R (M.L.Br.), notwithstanding its low 

equalising properties. To ensure fastness, however, the aid of the 

hyposulphite vat is essential. 

On loose wool a fast grey, of a shade unobtainable with 

alizarine dyes, is produced by blueing in the vat, topping with 

fustic and sumach, and darkening with iron. 
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Violet is met with either as very vivid violet or as purple. 

Bright, but fugitive, dyeings of this class are produced with methyl 

violet or acid violet; darker, duller, and faster shades with galleine, 

and the fastest of all with alizarine and alizarine blue on chrome 

mordant. 

So-called purples are most frequently produced, on piece goods, 

by topping vat blue with chromotrope or a ponceau, or with cochineal 

and alumina-tin mordant. These dyeings are also frequently pro¬ 

duced on yarns and piece goods with an acid violet or a good 

equalising red and blue dye. 

Drab.—This colour is obtained solely by the combination of 

red, blue, and yellow, a distinction being drawn between aniline drab, 

alizarine drab, and dye-wood drab, according to the class of dye used. 

Though deficient in fastness, the aniline drabs exhibit special 

advantages for piece dyeing, and play a great part in that branch. 

Their chief .superiority consists in the ease with which the desired 

shade can be obtained, and in the possibility of dyeing in a per¬ 

fectly uniform manner goods that are impure or contain different 

wools, more satisfactorily than with alizarine or wood dyes. Only 

such dyes as equalise well are used for this purpose, most fre¬ 

quently the following:—Chromotrope, 2B (M.L.Br.), azofuchsine 

(By.), azocarmine (B.A.S.F.), archil substitute N (C.), fast acid violet 

10B (By), azo yellow and allied yellows, various acid orange 

marks, fast yellow, tartrazine, quinoline yellow, various patent blues 

and cyanines, cyanol (C.), fast green, bluish (By.), wool green S 

(B.A.S.F.), etc. 

The following general remarks apply to these dyes :—The fastest 

to light are the reds, the yellows coming next, whilst the blues are 

far inferior in this respect. Chief among the reds, in point of 

fastness to light, are chromotrope and azofuchsine, the best in 

equalising power being azocarmine and (the fugitive) fast acid violet 

10B. Of the yellows, the fastest to light are fast yellow and 

tartrazine; of the blues, cyanine, a few patent blue marks (A.V.N.), 

and cyanol. Tartrazine is the poorest equaliser, but is very pro¬ 

ductive and gives handsome colours, fast to light and water. Azo¬ 

fuchsine does not equalise well except at boiling-heat. 

Aniline drabs are liable to change their colour, more especially 

when the yellowing has been effected with an orange dye. The 

combination of chromotrope, cyanine or cyanol, and a yellow like 

azo yellow, least exhibits this tendency, and is also advantageous 

in other respects. Another peculiarity exhibited by light drabs i& 

the phenomenon of “ insolation,” whereby the yellow entirely dis¬ 

appears on exposure to strong light, and thus alters the shade 

completely. In the dark the original colour reappears. This 
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peculiarity is probably due to the fact that the goods become drier 

in the light, and is especially noticeable in the case of fast yellow 

and metaniline yellow. 

The dye-woods (logwood, fustic, and redwood) are mainly 

employed for pale drabs dyed in the wool by the single-bath darken¬ 

ing method. In this case, aniline drab is too fugitive to be used, 

and alizarine drab is less easy to dye. For dark shades, wood drab 

is previously mordanted with chrome ; but this is seldom practised, 

since the dye makes the fibre hard. Finally, alizarine drab is most 

frequently employed for fast drab in piece dyeing, and for dark 

drab shades dyed in the wool. It is produced by mordanting with 

chrome and dyeing with anthracene brown, shaded afterwards with 

other alizarine dyes, galloflavine, fustic, etc. 

For fast drabs, easy of production, more attention should be 

bestowed on chromogene (M.L.Br.); it is dyed in an acid bath, and 

afterwards treated with potassium bichromate. A drab that can be 

equally recommended, especially for yarns, can be produced, more 

simply and faster than with the above dyes, by the sulphone dyes 

(By.). 

Finally, brilliant alizarine cyanine 3G can be recommended for 

drabs and mode colours. It is applied in an acid bath, and gives 

much faster dyeings than those with blue dyes. 

Brown.—The chief part in this class of colours is played 

by anthracene brown, though in piece dyeing the production of 

wood brown, finished by darkening, is still largely practised. For 

the reasons named in connection with drab dyeings, the last-named 

dye is unsuitable for loose wool; it is, however, still used, though 

santal must be replaced by alizarine orange (eventually by alizarine 

red or cloth red). The same aniline dyes that are used for drab 

also find employment for brown-dyeing piece goods. 

Black.—For the production of this important colour, the 

following shades and dyes come under consideration :—Iron black, 

chrome black, single-bath logwood black, diamond black (By.), 

alizarine black (B.A.S.F.), also the acid blacks, naphthol black or 

brilliant black (C. and B.A.S.F.), naphthylamine black (C.), naphthyl 

blue-black (C.), anthracene acid black (C.), Victoria black (By.), 

wool black (Act. and By.), Biebrich patent black (Kalle), sulphone 

black (By.), chromotrope black (M.L.Br.), azo acid black (M.L.Br.), 

etc., alizarine cyanine black G, and alizarine blue-black B (By.) 

are too dear for black, though suitable for green. 

Logwood black, that at one time was almost the only black, 

has now been largely displaced by the artificial dye-stuffs. The 

black acid dyes, most of them fast to light, such as naphthol black, 

naphthylamine black, etc., owing to their simplicity of application, 
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and to the fact that the dyeing is not followed by careful washing, 

are largely used, especially for dyeing pieces containing fancy cotton 

threads that are intended to remain white after dyeing. However, 

with the exception of anthracene acid black, they are not sufficiently 

fast to milling, and many of them are used solely on account of 

their low price, cost being the deciding factor. The acid dyeings 

with anthracene acid black will stand careful milling without 

bleeding into the white. The blacks fixed with chrome mordants — 

alizarine black and diamond black—are fast to milling; moreover 

the first of them is the fastest towards acids of all the black dyes, 

though, on the other hand, its fastness to light is incomplete. Con¬ 

versely, diamond black is particularly fast to light. 

The logwood blacks differ considerably as regards their fastness 

to light, according to the method of production employed; chrome 

black is fast to acids, but not to light, though in this respect it is 

improved by the addition of copper sulphate ; iron black is specially 

fast to light, but very sensitive to acids. As a rule, the logwood 

blacks have a great tendency to rub off. Iron black still remains 

the best black for wool, on account of its excellent equalising 

powers, covering power, aud fastness to light. In some instances 

it is impossible to dye dirty and nopped fabrics black except with 

logwood; and few of the above-mentioned dyes can equal it in 

fulness and beauty of colour. In the case of very dense shades, 

however, logwood gives a rather brownish black, and better results 

are furnished by naphthylamine black 4B. 

For loose wool and yarns, use is generally made of alizarine 

black, diamond black, and chrome black, since iron black makes 

the fibre hard. On the other hand, acid dyeing blacks and iron 

black are chiefly used in piece dyeing. 

Cotton-Dyeing. 

Cotton is dyed in the loose condition, as yarn, warps, cops, 

and in the piece. In the case of this fibre it is a still more 

difficult task than with wool to give all the various dye-stuffs 

and combinations used, chiefly on account of the very large number 

of direct dyes now so extensively employed for cotton. Con¬ 

sequently the subject can only be treated in an indicative manner. 

In the first place, it should be mentioned that nearly every 

dyeing on cotton can be performed in three ways—with tannin 

dyes, with direct dyes, and with mordant dyes. 

Green.—This class of colours is produced with a basic green 

dye (brilliant green, malachite green, etc.), either alone or shaded 

with chrysoidine—or handsomer and faster with auramine,—or 
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with some blue, such as methylene blue, Nile blue, etc., and 

auramine. Of the direct dyes, the following can be combined 

to form bright but fugitive greens:—Thiazol yellow (By.), or 

thioflavine (C.), with diamine pure blue (C.), or benzo pure blue 

(By.). For medium shades diamine green (C.) has made its way 

into favour; the dyeings must, however, be brightened by topping 

with a basic green dye, the colours produced by diamine green 

alone being too dull. A fast bright green is furnished by quercitron 

and a basic green dye, mainly on piece goods. Different fast olive 

green shades can be obtained, chiefly on loose cotton, by the use of 

logwood and fustic or quercitron, with or without catechu and basic 

dyes. 

Yellow.—Pure fast yellows are produced on cotton with 

quercitron and alumina mordants, on piece goods, but chiefly with 

chrome yellow in the case of yarns. Less fast, though still fairly 

so, are the colours produced with various yellow direct dyes, such 

as chrysamine (which is cheap, but not fast towards alkalis), 

chloramine yellow (By.), fast diamine yellow (C.), chrysophenine 

(By. Act.), diamine golden yellow (C.), Mikado yellow (Leonhardt), 

etc. Fugitive greenish yellow tones are furnished by thioflavine, 

thiazol yellow, etc.; faster shades with auramine. Brownish yellow 

shades, known as chamois, nankeen, etc., were formerly produced 

with fugitive basic dyes—chrysoidine, phosphine—but nowadays 

better with chrysamine and similar direct dyes. Iron chamois 

is the only one that is really fast. 

Orange.—A perfectly fast orange is produced, chiefly on yarns, 

with orange chrome, and with alizarine orange on piece goods. 

Of the substantive orange dyes, Mikado orange and toluylene orange 

may be mentioned on account of their fastness. 

Red.—The fastest red on cotton is the Turkey-red produced by 

the old process, the so-called “ old red.” The new red, chiefly 

produced on yarns and pieces, is also very fast, though not equal 

to the old red. In addition to the competitors of Turkey-red 

already given, the following may also be mentioned—fast diamine 

red (which is fast enough for many purposes), primuline red, 

which is fast to washing and is largely used in dyeing yarns, and 

the red produced with fuchsine or safranine, with or without 

auramine. 

Rose-Red.—The handsomest of these colours on cotton is that 

furnished by rhodamine and a fatty acid salt of alumina; the 

fastest by alizarine. When alizarine cannot be used, it may be 

replaced by erica (Act.), brilliant geranine (By.), diamine rose (C.), 

etc., all of which yield colours that will stand washing. 

Bordeaux.—A fast Bordeaux is produced by combining alizarine 
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with methyl violet or rubine, or with alizarine, logwood, quercitron, 

and alumina-iron mordant, on piece goods. 

Colours of inferior fastness can be obtained both with direct 

dyes, e.g. primuline red and diamine black, as well as with tannin 

dyes, the best way, in the latter case, being by the combination of 

safranine with methylene blue and auramine. 

Blue.—Vat blue is the fastest and most esteemed blue for 

cotton, though the other dye-stuffs already mentioned as rivals 

of indigo (q.v.) are largely used. Fast, handsome, and pure blues 

can be produced with basic dyes, such as methylene blue. Finally, 

mention may also be made of Berlin-blue, which is a fast dye 

and one still used. 

Violet.—A perfectly fast colour is obtainable with alizarine on 

iron mordant, or with gallocyanine on chrome mordant. By itself 

the alizarine iron violet is too dull, and must be enlivened by 

topping with methyl violet. These colours are almost entirely 

confined to calico-printing and to dyeing in the piece. A brighter, 

and fairly fast imitation of alizarine violet is obtained by combining 

safranine with methylene blue, methylene violet, and similar dyes. 

Very bright and handsome, though fugitive, violet shades are 

furnished by the various methyl violet marks. Of the direct violet 

dyes the most important are benzo violet B (By.) and diamine 

violet (C.). 

Brown.—The most usual method of producing fast browns and 

drabs, chiefly on loose cottons and yarns, is with catechu, either 

alone or in conjunction with other dyes. These are often topped 

with Bismarck brown, to make them brighter. Fast browns on 

piece goods are also produced with manganese bistre and by 

combinations of alizarine, quercitron, and logwood. Finally, also, 

various direct brown dyes, chiefly diamine brown M, diamine bronze, 

toluylene brown, new toluylene brown, benzo chrome brown, and 

benzo brown, are employed, either alone or mixed, and either after- 

chromed or not. 

Grey is still most frequently produced by alternate immersion 

of the cotton in logwood and iron baths. These dyeings make the 

fibre hard, and have therefore been largely superseded by various 

marks of diamine black and similar direct dyes. 

Black.—-This important colour is now mostly produced with 

aniline black, and to a lesser degree with logwood. Various direct 

dyes are also used in the black dyeing of loose cotton and yarns, 

e.g. the different marks of diamine black (C.), direct deep black 

(By.), direct blue-black (By.), and Columbia black. Less esteemed 

are the blacks diazotised and developed on the fibre; various marks 

of diamine black (C.), diaminogene (C.), diazo black (By.), diazo 
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brilliant black (By.), Zambesi black (Act.). Of greater importance 

are the after-chromed blacks, various marks of diamond deep black 

(0.), benzo chrome black (By.), and Columbia chrome black (Act.) 

(a mixed black), which are fast to rubbing and crabbing (see 
Finishing), and are used to replace aniline black in dyeing half- 

woollen goods, the cotton yarn being dyed black, spun with white 

wool, and the wool topped in an acid bath after crabbing. 

Vidal black and fast black (B.A.S.F.) are also used for cotton. 

In point of fastness, beauty, and fulness of colour, aniline black 

is the best black for cotton. Logwood black is really only fast 

when produced by the aid of copper. Most of the substantive 

black dyes will stand washing, but .their fastness to light leaves 

a good deal to be desired, and they have not the same beautiful 

full appearance as the aniline blacks. 

Bamie, Linen, and Hemp are dyed in the same way as cotton ; 

Jute is dyed with basic and acid dyes in a weak acid bath, either 

containing alum (2—5 per cent.), or oxalic acid (1—2 per cent.). 

The material is entered at 40° C., heated to boiling, and boiled 

for a half to three-quarters of an hour. 

Dyeing Mixed Fabrics. 

The term “ mixed fabrics ” implies fabrics composed of two or 

more different classes of fibres. Formerly these fabrics were dyed, 

in part or altogether, in the form of yarn, but nowadays they are 

dyed in the piece, by one of two methods, either to one colour, the 

different fibres being caused to absorb dyes of the same shade, or 

else “ shot ” effects are produced by dyeing the different fibres to 

widely different colours, the result being the more handsome in 

proportion as the two colours are complementary one of the other. 

The suitability of different dye-stuffs for dyeing mixed fabrics can 

be readily ascertained by dyeing small samples. In this connection 

it must be borne in mind that not only the nature of the different 

fibres present, but also their relative proportions in the mixture, 

is of importance. 

Dyeing Half-Woollen Goods (Wool and Cotton).—It is even 

now the practice occasionally to dye the cotton, in the yarn, with 

acid-resisting dyes, then weave it along with white woollen yarn, 

and dye the wool with acid dyes in the piece. For the most part, 

however, these goods are piece dyed, there being two methods of 

effecting this object; the older plan is to dye the wool in the 

fabric with acid dyes, which, of course, leave the cotton untouched, 

the latter being afterwards dyed on the jigger by the aid of tannin, 
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fixed with tartar emetic (and iron, if necessary) and followed by 

treating with a basic dye. In order to preserve the wool as much 

as possible from alteration, the latter process is carried out in the 

cold. The final bath may also be lukewarm, but as the wool always 

absorbs a little of the dye, the shade produced in the first dyeing 

should be rather lighter than that really required. In the case of 

two-colour effects the last dye bath must be cold. 

This method therefore entails the use of four baths; and the 

production of blacks is even more complicated, the cotton having 

first to be mordanted with iron by treating it with sumach, fixing 

with iron, and treating with chalk; the wool mordanted next by 

heating in a bath of potassium bichromate, free from acid (to 

prevent the iron being extracted from the cotton); and, finally, the 

.whole is dyed with logwood. 

In the second method the half-woollen material is dyed with 

direct dyes in a bath containing 2 per cent., by weight, of Glauber 

salt. This process has the great advantage of simplicity, inasmuch 

as a black can be dyed in a single bath, e,g. with half-wool black 

(C.), the only difficulty being in dyeing to pattern. 

The behaviour of the direct dyes towards wool and cotton is 

somewhat divergent, some of them enabling the two fibres to be 

dyed to an equal depth, whilst others dye the cotton only, and are 

therefore suitable for use in producing two-colour effects. As a 

rule, the following conditions obtain: in a boiling-hot bath the 

wool will take up the more dye and come out deeper in colour 

than the cotton, the converse being the case when a low tempera¬ 

ture is used. The addition of a small quantity of an alkali salt, 

like soda, reduces the absorption of the dye by wool; and, con¬ 

versely, the wool is dyed more strongly than the cotton when an 

acid bath is employed. 

The modus operandi is thus practically revealed. The goods 

are entered in the bath, which is then raised to boiling in about 

a half to three-quarters of an hour, and is kept on the boil until 

the colour of the wool is only a little lighter than it should be 

when finished. Steam is then turned off and dyeing continued in 

the cooling bath until the colour of the cotton appears deep enough. 

The after-darkening of the wool, which is nearly always necessary, 

is effected with acid dyes, whilst for the cotton, direct dyes are 

used, these drawing better on this fibre than on wool; or the dye 

may be caused to draw more to the cotton or the wool, as is found 

necessary, by making the bath liquor alkaline or acid. 

Dyeing Half-Silk Goods (Silk and Cotton). — There are 

two chief methods to be considered in dyeing half-silks—(1) 

the silk is dyed first, with an acid dye, to a shade rather 
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lighter than actually required, next the cotton is treated with tannin, 

passed through a bath of tartar emetic, and cold-dyed as quickly 

as possible with basic dye in a fairly concentrated bath; (2) in this 

case a first dyeing is given with a direct dye, after which the silk, 

which is generally too light, is darkened by entering in a bath of 

basic or acid dye. 

This second method has now attained a high degree of practical 

importance, and will therefore be described in detail. 

A study of the behaviour of the various direct dyes towards 

silk reveals considerable divergences, which, nevertheless, can be 

classified according to certain laws. In the first place, some of 

these dyes have the property of dyeing silk and cotton in different 

tones, and these dyes are the least suitable of any for the purpose 

now in view. Their affinity towards the two fibres in question 

depends, in the first place, on their nature, and, secondly, on the 

constitution of the dye-bath—a greater affinity for cotton being 

exhibited in a neutral bath containing common salt, or in a weak 

alkaline bath, whereas in a weak acid bath the dye draws better on 

the silk. Some of the direct dyes—the reds, for instance—dye cotton 

and silk almost equally in an alkaline bath, which is charged with 

5 per cent, of sodium phosphate, 5 per cent, of soap, and the 

necessary quantity of dye, the goods being entered lukewarm, then 

slowly raised to a temperature a little below boiling—not quite on 

the boil, or the silk would suffer—and, after turning off the steam, 

continuing to treat in the cooling bath for another half-hour 

or so. 
Many other direct dyes, especially such as dye cotton best in 

presence of common salt, can be advantageously employed to dye 

half-silks with common salt and acetic acid, provided the foregoing 

precautions be borne in mind. 

The silk, which is generally rather too light in colour, can be 

brought up to the proper shade by entering the goods in a fresh 

bath containing basic dyes and a little acetic acid, at 30-40 C., 

or with acid dyes at a somewhat higher temperature, and with more 

acetic acid. 

For “ shot ” effects the goods are dyed either by the first-named 

method, or else first with a dye that attaches itself to the cotton 

alone, leaving the silk undyed, the latter being afterwards dyed in 

a fresh bath containing acid dyes. 

Dyeing Gloria (Wool and Silk) Fabrics.—This method of 

piece dyeing is of recent date, and is one of the most difficult 

tasks the dyer is called on to perform, since it entails an accu¬ 

rate knowledge of the behaviour of the dyes towards wool and 

silk. 
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Here also, as in the case of half-silks, it may happen that the 

dye produces a different shade on the wool to that imparted to the 

silk, e.g. azo acid fuchsine, fast acid red A (M.L.Br.), etc., which 

are therefore unsuitable for the purpose in view. 

The acid dyes are those most in use for this purpose, and these, 

as a rule, dye the wool more strongly than the silk when applied 

at boiling-heat, the converse being the case at low and medium 

temperatures. 

The following dyes act equally on wool and silk at boiling- 

heat :—Fast green, bluish mark (By.), patent blue, alkali blue, 

alkali violet, navy blue B (B.A.S.F.), acid violet 6 BN (By.), fast 

acid violet A2R and 10B (M.L.Br. and By.), Bengal-rose (dyed 

with acetic acid), anthracite black (C.), naphthylamine black D 

(C.), etc. The following have a rather stronger affinity for wool: 

light green S, wool green (B.A.S.F.); the acid orange dyes, like 

orange II; a few ponceaus, like palatine scarlet (B.A.S.F.), brilliant 

croceine (C.), etc. 

On the basis of their affinity for silk and wool, the acid dyes 

may be divided into three groups, those given above as having an 

almost identical affinity for both fibres being taken as the first 

group. To a second group belong such dyes as chiefly dye wool 

when applied at boiling-heat, e.g. acid green, extra cone. (C.), 

tartrazine, orange G, a few ponceaus, as mark 2R (M.L.Br.), S. pat. 

(C.), indigocarmine cyanine (M.L.Br.), etc. Finally, the third 

group comprises the dyes having more affinity for silk than for 

wool at medium and low temperatures—azocarmine (B.A.S.F.), acid 

violet N (M.L.Br.), fast acid blue B (By.), water blue, etc.; as 

also the majority of the basic dyes, such as methyl green, auramine, 

rhodamine, etc. 

The best means of dyeing wool and silk to equal shades is by 

using the dyes of Group I., unless prevented by other reasons such 

as their equalising properties, suitability for combination, etc. The 

modus operandi is as follows :—The bath is set with about 10 per 

cent, of “ tartar preparation,” bisulphate, and one-half the necessary 

quantity of dye, the goods being then entered and the bath raised 

to boiling-heat as quickly as the equalising properties of the dye 

permit, boiling being continued until the wool appears sufficiently 

shaded. The silk will, as a rule, be less deep in colour; conse¬ 

quently, after cooling the hath down to 45—50° C., the rest of the 

dye is added, and the operation continued in the cooling bath until 

the silk has been properly dyed. If, however, this result fails to 

ensue, recourse must be had to a suitable dye of the third group. 

In this manner a light yellow may be obtained with azoflavine, 

which, however, turns dirty in dark shades; a dark yellow and 
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orange, with orange II; red, with azocarmine, magdala red, or a 

ponceau; pale blue, with patent blue; dark blue, with acid violet 

6BN and bluish fast green; black, with anthracite black, deepened 

with orange and a basic green at low temperature. For mode 

colours, use is preferably made of azocarmine, patent blue, and 

azoflavine. 

To produce “ shot ” effects, the following procedure is adopted :— 

The wool is dyed first with a dye of the second group, at boiling- 

heat ; the small amount of dye that has become fixed on the fibre 

of the silk is then removed by boiling with water, soap, or 

ammonium acetate, and the silk afterwards dyed in a third bath 

containing a dye of the third group, the bath being concentrated and 

cold, or, at most, lukewarm. Eed, for instance, is produced on the 

wool by the aid of ponceau 2E, and the silk dyed green with 

methyl green and auramine; or the wool dyed green with acid 

green extra cone.,, the silk red with rhodamine, etc. 

The most beautiful effects can be produced in this way, but 

the following points must be borne in mind:—(1) The dyeings on 

the two fibres must be as nearly equal in intensity as possible, and 

complementary; (2) the silk must be thoroughly freed from colour 

after the first dyeing; (3) the dyes employed in the third bath must 

have a low affinity for wool. These conditions, however, are rather 

difficult to carry out in practice, and, moreover, the three baths 

render the operation very troublesome; consequently, the general 

procedure is to first dye the wool with dyes of the second group, 

then cool the bath as much as possible, and dye the silk with dyes 

of the third class. 

V. Sample Dyeings ; Colorimetric Determinations ; Eeactions 

of Dye-Stuffs on the Fibre ; Tests for Fastness. 

Sample Dyeings and Colorimetric Determinations. 

The determination of the value of dyes is made by sample dye¬ 

ings or by means of the colorimeter, though in either case all that 

can be done is to effect a comparison between two or more samples 

of one and the same dye, or two or more very similar dyes. In 

both cases it must be borne in mind that minute differences in the 

intensity of two dyeings can only be detected in light shades. The 

greatest difficulty is encountered in examining yellows, and therefore 

in this case it is advisable to combine the dye in question with 

another dye of suitable character, e.g. a blue. 

Sample Dyeing consists in making comparative dyeings with 

two or more parcels or samples of one and the same dye under 
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closely identical conditions, and examining the resulting colours for 

their relative intensity, shade, and purity. With this object a small 

quantity, say 1 grm., of each sample of dye is carefully weighed out 

and dissolved in 1 litre of water, each solution being then employed 

in baths of otherwise identical 

same conditions of temperature. 

to dye equal weights of yarn 

constitution, and all under the 

The best method of applying 

heat is to immerse the dye-baths 

in a heated strong brine. When 

mordant dyes are in question, 

the various samples of yarn 

must be mordanted beforehand 

in one and the same bath. 

Already during the process of 

dyeing it will be easily seen 

whether any considerable differ¬ 

ences exist between the various 

samples, and should this be the 

case the weaker bath must be 

strengthened by adding sufficient 

of the dye solution to bring the 

dyeings into a condition of 

equality. It will also become 

apparent during the dyeing 

whether the dyes are homo¬ 

geneous or mixtures, since the 

different dyes never draw on 

to the fibre so uniformly and 

simultaneously as to render the 

detection of a mixture impos¬ 

sible. 

After dyeing, the samples 

are washed, dried, and the re¬ 

sulting difference determined 

with reference to the amount 

of dye consumed. At the same 

time it will have to be ascer¬ 

tained whether, through unequal 

heating, the one bath has become more highly concentrated than 

the other. Should this prove to be the case, the test must be 

repeated, since more dye is taken up from concentrated baths than 

from those more dilute. If the baths have been imperfectly 

exhausted, another dyeing with fresh yarn will give an idea of the 

quantity of dye left behind the first time. 

15 
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A simpler, quicker, and more accurate method is afforded by the 

colorimeter. Of the various types of this instrument, mention need 

only be made here to that of C. H. Wolff, the construction of which 

is based on the fact that light rays suffer a diminution in brightness 

in passing through a stratum of coloured liquid, the decrease being 

in proportion to the degree of concentration of the liquid, i.e. the 

greater the quantity of dye in the liquid, the more will the light be 

dimmed in passing therethrough. 

The accompanying sketch (Fig. 35) will facilitate description of 

the Wolff colorimeter :— 

B and C are cubed cylinders into which the dye solutions are 

poured; A is a reflector; D a pair of prisms, which so unite the 

two bundles of light rays in the field of vision of the lens E that 

the one-half of the circular field of vision corresponds to the light 

transmitted through the one prism, and the other half to the rays 

traversing the other prism. 

The two solutions for comparison, which must be very dilute, are 

placed in the respective cylinders and examined, the darker one being 

reduced in volume by drawing it off through the lateral tap until 

both sides of the field of vision appear of equal intensity of colour. 

Now the capacity of absorption for light is inversely pro¬ 

portional to the thickness of the absorbent layer traversed by the 

rays. Thus, for example, if to produce equal intensity in the two 

halves of the field it is necessary to reduce the one liquid to half 

the volume of the other liquid, then the absorptive capacity of the 

former will be double that of the latter. As, now, the absorptive 

capacity of a liquid for light depends directly on the degree of con¬ 

centration, then, by assuming the height of the two columns of 

liquid in the test cylinders as being represented by H H\ whilst the 

concentration of the liquids is expressed by C C', we obtain the 

following simple relation :— 

C : a =H : H. 

The relative colour strength of the solutions under examination can 

be easily calculated by the aid of this proportion. 

In making a determination it is not advisable to confine the 

examination to a single test, but to make at least two, and repeat 

these after reversing the two cylinders, the arithmetical mean of the 

four tests being taken to express the result. 

Reactions of Dye-Stuffs on the Fibre. 

In practice it is frequently desirable to ascertain what dye has 

b een employed to produce a given dyeng, and with this object the 

sample is cut into strips which are then subjected to the action of 
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various reagents, such as acids, alkalis, alcohol, etc., in order that 

some conclusion as to the nature of the dye can be drawn from the 

colour-changes ensuing therefrom. Owing to the large number of 

existing dyes this method is by no means easy, and, especially in the 

case of mixtures, is often only partially possible. For the assist¬ 

ance of the dyer, various tables, setting forth the necessary indica¬ 

tions, have been drawn up, e.g. by Lehne and Eusterholz (Lehne’s 

Farherzeitung, 1890, pp. 186, 226, 260, 318, 388; 1891, pp. 

168, 276, 358; 1892, pp. 50, 198, 248, 332; 1893, pp. 216 

254, 350; 1894, p. 22) and by K. Schimke (Centralblott /. Textil- 

industrie, Berlin, 1892, pp. 6, 65, 108, 140, 198, 228). When, 

by the aid of these tables, the experimeter believes he has detected 

the dye used, he then makes a sample dyeing with the said dye-stuff 

on a similar fibre, and tests the resulting colour with the same 

reagents as before in order to ascertain the points of resemblance or 

difference. 

Testing the Fastness of Dyes. 

Fastness in dyes is a quality of equal importance with cost 

and colour, and a dye can only be considered as really fast when 

it proves capable of resisting for a sufficiently long time, without 

appreciable alteration, the influences to which it will be subjected 

in practical use. 

It is not essential that a dye should be fast in every respect. 

For example, in the case of clothing, all that is required of a dye 

is that it will stand the various influences to which it will be 

exposed in wear; in the case of curtains, fastness to light is a 

prime essential; whilst the dye on underclothing, worn next the 

skin, must be able to withstand friction and perspiration. 

Tests for fastness, however, never furnish more than relative 

values, and consequently these tests are best made in comparison 

between at least two dyes, or their dyeings, simultaneously—a 

necessary condition being that the dyeings in question shall be 

of as nearly equal intensity as possible. 

Fastness to Light implies the power of a dye to withstand 

the combined influence of light and air. The chemical reaction 

that goes on during the fading of a colour has not been minutely 

examined, all that is known being that, in the absence of air, the 

influence of light is considerably reduced. 

The fastness to light of any given dye depends on several 

circumstances, e.g. on the nature of the fibre, the method of fixing, 

and the intensity of the dyeing. Thus, dyeings on wool are 

mostly faster to light than those of the same dyes on other fibres; 
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whilst, in the case of logwood dyeings, the colour is faster when 

consisting of an iron or copper lake, the alumina and tin lakes 

being fugitive; the basic dyes are generally much faster to light 

when fixed with tannin or tartar emetic than with oleic acid, on 

cotton. Finally, as regards the intensity of the dyeing on the 

fastness to light, it is evident that a dark shade containing a 

larger quantity of dye will be able to stand the influence of light 

a far longer time than a light dyeing, not to mention that under 

the latter circumstances a slight change—especially of a qualitative 

nature^-is more readily detected than in dark shades. Thus 

when, for example, a blue dye has the tendency to become greener 

in the light, this faculty may pass entirely unobserved in the case 

of dark shades, whereas in light shades it may result in a complete 

modification of the colour. 

The manner in which a colour suffers alteration is therefore an 

important point; when it merely becomes paler, without losing its 

brightness and tint, it is decidedly faster to light than one that 

suffers a change of tone in the same time. 

In exposing dyeings to light, two other peculiarities become 

apparent: some dyes (e.g. indigo) rapidly becoming lighter at first 

and then remaining for a long time without further change; others 

again (e.g. picric acid, azo yellow, etc.) turn somewhat darker at 

first. 

Two forms of apparatus have been constructed for testing the 

fastness of dyes to light, that used by Oehler being arranged so 

that a collecting lens directs the concentrated rays of the sun in 

a vertical direction on to the material. The other apparatus, that 

of H. Perger, is illuminated by the electric light. In applying the 

test it has to be remembered that the intensity of the action exerted 

by the light depends on several circumstances—the time of year, 

climate, weather, and, finally, the manner in which the exposure 

is made; consequently the tests in all cases must be comparative, 

and made with at least two dyeings at the same time. When 

the fastness of a dye is known, this can be taken as a standard 

and used for comparing that of another exposed under the same 

conditions. The dyed samples are laid out fiat on a sheet of strong 

paper, the one half of the sample being exposed, whilst the other 

half is covered over by a piece of cardboard, and, being thus pro¬ 

tected from light and air, serves for comparison. The samples are 

then exposed freely (not under glass) to the sunlight in a place 

where they are protected against dust and also against acid or 

alkaline fumes. The use of other sources of light, such as the 

electric light, gives different results, and therefore is not suitable 

for practical purposes. At the start the illuminated and protected 
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portions of the sample should be compared daily, and an incipient 

change in the colour must not lead to the abandonment of the 

test, it being necessary to further examine the progress of such 

change. Dyes that will stand exposure for a month in the summer 

without appreciable alteration may be considered as very fast to 

light. 

Fastness to Water, Washing, and Milling, implies the 

behaviour of dyes under the action of water or solutions of soap; 

and the points to ascertain are whether the dye changes in colour 

or intensity, and if it bleeds into white or undyed fibre with which 

it is washed. The requirements exacted in this particular vary 

considerably, carpets, curtains, and upholstery stuffs for instance 

not being required to stand washing, as a rule; whereas yarns that 

are to be woven into pattern fabrics and then milled must remain 

entirely unchanged during that operation and exhibit no sign of 

bleeding. 

In testing a dye for its fastness to water, a sample of yarn 

dyed with the specimen under examination is plaited along with 

a piece of white yarn and left immersed in cold water all night. 

To be quite fast, the dye must not dissolve in the water, and thus 

colour it, or bleed into the white yarn. In the case of woollen 

yarns this test is usually performed by boiling the sample in water 

for a quarter to half an hour. 

Fastness to Washing and Soap is tested by plaiting a sample 

of dyed yarn with white yarn and then treating them for a quarter 

to half an hour in a solution of soap (about 0'2 per cent.) first 

at 50-60° C. and then at 100° C. 

jFastness to Milling is required of woollen goods only, and is 

tested by subjecting the plait of white and dyed yarn to a rigorous 

milling by hand, with an alkaline soap, then washing and leaving 

to stand overnight in a rather wet condition. For the dye to be 

really fast, it is necessary that no staining of the white should 

occur, and also that the dyed sample remains free from alteration. 

The test will be still more severe if the sample be left for several 

hours in the soapy solution after milling. 

In testing wool-dyeings for Fastness to Acids, the sample is 

carbonised with sulphuric acid and then neutralised. Cotton-dye 

ings are regarded as fast to acid when they will stand dyeing in 

an acid bath, as applied to wool, without suffering any appreciable 

alteration of shade or bleeding into white wool. With this object 

the dyed cotton is boiled along with white wool in a bath containing 

4 per cent, of sulphuric acid and 10 per cent, of Glauber salt 

(calculated on the weight of the wool) for an hour. This test 

serves to determine whether a given dye is suitable for use on 
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cotton that is to be woven along with animal fibre which is after¬ 

wards to be dyed in an acid bath in the piece. 

Fastness to Perspiration is tested by immersing the sample 

for an hour, in association with white cotton and wool, in a 2J° B. 

solution of acetic acid at 40° C. 

Fastness to Bleach (chemicking) is tested only in the case of 

cotton, the dyed sample being steeped for an hour in a cold 1° B. 

solution of bleaching powder. 

Fastness to Sulphur is a test applied solely to wool. The 

sample, plaited along with white yarn, is first soaped, squeezed, 

and then left for twelve hours in an atmosphere of sulphurous 

acid. 

Sometimes, and especially in the case of wool-dyeings, a quick¬ 

lime test is imposed, the stuff being padded over with a pulp of 

slaked lime, left to dry, and examined for alteration after brushing 

off the lime. This test, as well as sprinkling the stuff with soda 

solution, followed by drying, is performed when information is 

desired as to the capacity of the dye for standing the influence of 

street mud. 

Fastness to Ironing and Steaming is tested by subjecting the 

dyed sample to hot ironing or drying on a surface of heated metal, 

and by steaming. The dye should either be quite free from altera-' 

tion or else resume its original shade after a short exposure to the 

air. In applying these tests it must not he forgotten that the wool 

itself may assume a yellowish tinge under excessive steaming, the 

result being an apparent alteration of some colours—blue, for 

example. Tor the sake of comparison, it is therefore necessary to 

steam an undyed sample of the same material at the same time. 



CHAPTER Y 

PKINTINGr1 

Whereas the object in dyeing is to secure uniform and complete 

coloration of the entire material of the fabric, the purpose of the 

printer is to apply the colouring matters only in certain parts and 

in a well-defined pattern; hence, printing may be regarded as local 

dyeing. Closely allied, however, as these two branches of the sub¬ 

ject may be, it follows from the nature of the case that the ways 

and means whereby their respective objects are secured must be 

very different. Tor instance, in dyeing, it is for the most part 

feasible to modify a dyed colour by the subsequent application of 

other dyes; but in printing this is not possible, and therefore all 

the materials employed must be carefully examined before use. 

For the application of dye to certain parts of a fabric, and 

according to a well-defined pattern, recourse must be had to an 

application unknown in the dyeing process, namely, a printing 

block or forme, by means of which it becomes feasible to print any 

dissolved dye upon the fabric. It is, however, evident that although 

the dissolved dye may be printed as a well-defined pattern on the 

fabric, the contour of the design would very soon lose its sharpness 

of outline, owing to the running of the solution; and to prevent 

such an occurrence a further adjunct, rarely if ever used in dyeing, 

has to be called in aid, namely, an agglutinant, or thickening 

material, with which the colour is incorporated before application. 

Apart from this, the colour has to receive other additions, and 

also to be subjected to certain after-treatments, which will be dealt 

with later on. 

'f Besides direct printing, there are other means whereby a coloured 

pattern can be produced in cloth-printing. Thus, if a fabric be 

printed over with substances that are impervious to liquids, and is 

then dyed, it follows that the dye will be fixed only on the unprinted 

1 The author is indebted for much of the information contained in this chapter to the 
handbooks on Calico-Printing by Lauber and Sansone, and the article on Printing, by 
Stork and Benade, in Karmarsch-Heerens’ Technical Dictionary, to which sources the 
reader is referred for points of detail, especially as regards the compounding of the 
printing materials. 
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parts of the fabric, the printed portions being left white when the 
goods have been washed. This kind of printing, whereby white 
figures can be produced on a coloured ground, is known as “ reserve 
printing,” and the substances employed to protect the printed portions 
from the action of the dye are called “ reserves.” 

Again, it is possible to produce white figures on a dyed material 
by printing it over with substances that destroy or discharge the 
colour. This is the so-called “ discharge printing.” 

By the assistance of reserve and discharge printing, it is possible 
to produce patterns in two ways: either a mordant is added to the 
reserve or discharge before printing, and the goods afterwards dyed, 
whereby the discharged or reserve portions become coloured because 
of the mordant there situated; or the reserve or discharge is incor¬ 
porated with a dye, and then printed. Finally, as a third method, 
the fabric may be printed with a mordant, which is then fixed in a 
suitable manner, and the goods dyed, whereupon only the mordanted 
portions will retain the dye, leaving the rest white, the method 
being thus a combination of printing and dyeingjj\ 

Historical.—From the very earliest times the peoples of the 
Orient have practised the art of cloth-printing; and although the 
work was performed in a highly primitive manner, the above- 
mentioned methods of producing coloured patterns would seem to 
have been known to them. 

The most primitive state of transition between dyeing and print¬ 
ing is found among the Chinese, who are known to produce coloured 
figures on cloth by hand painting. 

The true home of the cloth-printing industry, however, seems to 
be India, printing blocks for the production of coloured designs 
having been in use there from the most ancient times. Reserve 
printing must also be classed as an Indian invention; and to this 
type of product belongs the so-called “ Battik ” goods that are still 
produced in Sumatra and Java, the design being drawn on the 
goods by the aid of a mixture of resin and wax, which are applied 
in a melted state, and, after solidification, form an impenetrable 
reserve, so that the parts thus covered remain undyed when the 
fabric is afterwards dyed (usually by vatting). On subsequently 
removing the reserve by hot water, there appears a white design on 
a coloured ground. 

This method was first brought into Europe by the French, from 
their colonies in Eastern Asia, as the so-called “ porcelain-printing ” 
(white on blue ground). 

The first calico-printing factory on record was established at 
Piichmond-on-Thames in 1676 by a French refugee; later on, works 
were started at Neuchatel (1689); in several German towns 
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—Augsburg, Heidenheim-on-Brenz; at Sainte Suzanne, in France; in 

Austria (Biirgstein, Schwechat, Friedau, Kettenhof, Kosmanos), etc. 

At first hand-presses were employed, the design being deeply 

engraved on a copper plate, which the printer covered with colour 

by the aid of a brush, the excess being afterwards removed with 

a knife. When thus ready for printing, the plate was raised by 

the mechanism of the press, brought into contact with the material 

to receive the impression, and then returned to the first position, 

for re-inking. 

This method is cheap, and gives a sharp impression. It is still 

employed—in Switzerland, for example—generally for broad designs, 

and chiefly for silk kerchiefs. 

At a later period other machines were introduced, the most 

important being the Perrotine (invented by Perrot of Bouen, in 

1834), which can also be used as a multiple-colour machine. The 

“ Hexe ” press is still to be found in a few cloth-printing works. 

At present, however, the cylinder printing press, first introduced by 

Bell in 1785, is the most widely used of any.~V 

Hand Printing. 

The printing plates used must not be too large or too small, the 

former defect meaning excessive weight and trouble in handling, 

whilst in the other extreme the work takes too much time. 

The material for the plates must be durable and not easily 

warped, choice being therefore made of pear-, beech-, and box-wood, 

thin boards (about one inch) of which are glued on the back of 

similar boards of oak or beech, which in turn are backed by blocks 

of pine, the latter being recessed so as to hold better. The boards 

must be arranged so that the grain runs in different directions, in 

order to minimise the tendency to warp. The under (free) side of 

the first piece of wood is planed smooth. 

To transmit the pattern to the block, the designer divides the 

pattern by horizontal and vertical lines, so as to include within the 

marked-off portion all the elements of the pattern, these lines being 

then transferred to the chalked block. The design is next traced 

with pencil and paper, the tracing being then laid face downwards 

on the marked block, and the reverse is rubbed over with a hard, 

smooth tool, the impression being afterwards touched up by hand. 

As each block can only be used to print one colour at a time, a 

separate block must be used for each differently coloured portion of 

the design. 

The tracing of the pattern is never so large as the block, and 

must therefore be transferred as many times as are necessary to 

cover the surface of the block. Where the repetition of a small 
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pattern is in question, a small model is often made, the impression 

being repeated on the block until the entire surface is covered. To 

ensure accuracy of position, use is made of register pins, which are 

placed on both sides of the printing block, and in applying the 

latter, care must be taken to see that the pins on the left side 

exactly coincide with the marks left by those on the right-hand 

side during the previous impression. In succeeding rows, the upper 

pins must register with the marks left by the lower pins. 

The design thus transmitted must be brought into relief by 

punching the wood with steel punches. Where the printing sur¬ 

faces are large, it is a frequent practice to merely punch the 

outlines and fill the intermediate space with felt, which substance 

absorbs the colour much more uniformly than wood and therefore 

prints better. 

Fine details cut on wood are liable to rapid wear, and are 

therefore generally done on copper or brass inlaid in the wood 

block. Frequently, however, the entire surface of the printing 

forme is of metal, the design being imparted by casting. For this 

purpose a perfectly dry block of lime-wood, cut crossways of the 

grain, is taken, and punched with the design, which in this case is 

hollowed out, the lighter details being burned out by means of 

heated steel dyes pressed against the wood until the impression 

has reached a certain depth. The contours of the larger and 

heavier parts of the design are cut. This done, the hollows are 

filled with pieces of brass so that the metal projects a few milli¬ 

metres above the surface of the block, and a molten alloy of tin, 

lead, and antimony is then applied, which envelops the brass and 

transmits sufficient heat to the depressions in the wood to carbonise 

the. surface, which is thereby smoothed and deprived of the tendency 

to shrink. Thereupon the brass is removed, and the resulting 

wooden matrix or mould is used for making the cast. The casting is 

trimmed smooth with the file and nailed on to a wooden backing. 

Other appliances required for printing with the hand-press are 

a frame and ink-duct, the former consisting of a strong framework 

supporting a planed block of hardwood, the dimensions of which 

vary according to the class of work to be done,—a narrow block 

being needed for long fabrics, and a wide one for kerchiefs. This 

block is covered with a tightly stretched layer of flannel (printers’ 

blanket), serving as a soft backing for the goods. 

On one of the narrow ends of the frame is an arrangement 

supporting the roller from which the goods to be printed are 

unwound. The goods issuing from the press are carried over guide 

rollers, either on the ceiling of the printed room or underneath the 

frame, for the purpose of drying the printed colour. 
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The ink-duct is a rectangular trough, about twenty inches long 

and wide, and ten inches deep, which is filled about half-full of starch 

paste, for the purpose of forming an elastic bed, upon which is laid 

a piece of oilcloth stretched on a frame into which fits a second 

frame carrying a stretched cloth, the colour being spread out on 

this last by the aid of a brush as evenly as possible. 

To begin printing, the end of the cloth as laid on the press 

table and marked with a ruler and pencil, to show where the block 

is to be applied the first time. The block is then brought into 

contact two or three times with the inking-pad, ancT then applied 

to the cloth, a few blows with the mallet forcing the colour into 

the material; which done, the block is removed, re-inked, and applied 

again. In this second and all succeeding applications the block 

must be made to register by means of the aforesaid register pins, 

which should be situated in such a position that their impression, 

though visible to the printer, forms part of the coloured design. 

In multiple-colour printing, the work is begun with the block 

giving the most comprehensive idea of the whole design. 

In printing “ squares,” the fabric is first divided by lines 

indicating the limits of each square. The blocks for this work are 

mostly arranged to print one quarter of the whole square. 

Some colours must be printed warm, for which^ purpose the 

inking-pad must be set on hot, bricks or immersed in hot water. 

When readily oxidisable colours are used, they should be stored in 

the lower part of the inking-pad instead of the starch paste, and be 

covered over with a porous cloth. 

Unless the cloth be kept on the stretch whilst on the press 

table, it will shrink, both in length and breadth, in the drying, and 

thus prevent the last-applied colour registering with the previous 

ones. To obviate this difficulty the colours must be applied in 

succession as quickly as possible, or else the fabric is stretched in 

both directions after printing each colour. 

Full shades cannot be printed on thick fabrics by the hand- 

press. The method is specially suitable for the production of 

multiple-colour printings and for very wide goods, since to employ 

mechanical presses for these classes of work would necessitate the 

use of very complex or wide, and in either event very costly, 

machines. Hand printing is also superior to the machine-press, 

inasmuch as it does not dirty the white. 

The Perrotine Press. 

The Perrotine press is a machine for printing from cast-metal 

plates carrying the design in relief, and resembles the hand-press 
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in its points of superiority over the cylinder press. The number 

of colours, however, that can be printed in this mess is limited, 

and it is now used to only a very small extenk^A three-colour 

Perrotine press is shown, as a diagrammatic sketch, in Fig. 36. 

Here a is the backing cloth, forming an elastic support for the 

goods; b is a piece of unfinished cotton cloth, to keep the backing- 

cloth from being dirtied by the printing colour; c is the cloth to 

be printed; h1} h2, hs are the printing tables, furnishing the solid 

backing. The slides nlt n2, ns, which move in the direction of the 

arrows, and carry the block-holders olt o2, o3, press the blocks plfp2,Ps 

alternately against the inking pads qY, q2, qB, which themselves have 

a reciprocating motion at right angles to that of the blocks. At 

the moment the blocks are withdrawn from contact with the 

printed surface, the pads are moved so as to pass by the pairs of 
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rollers rl9 r2, r3, which in their rotary motion take up the colour 

from the ducts sl9 s2, %, and pass it on to the pads, where it is 

smoothed level by the brushes t1} t2, t3. The slides next advance and 

press the blocks against the pads, then retreat, and, after the pads 

have been moved slightly to one side, again press the blocks on the 

pads. The impression then follows immediately, during which 

operation the pads are moved over the inking rollers. After each 

impression the backing cloth, intermediate cloth, and cloth to be 

printed are moved forward a distance corresponding to the exact 

breadth of the block, so that the goods are fully printed by the 

time they pass away from the third block. If desired, the advance 

of the goods can be stayed, and the movement of the printing 

mechanism continued, the impressions being in such case repeated 

in exactly the same place as often as required. 

The Cylinder Press. 

In the cylinder machine the impression is produced by means 

of engraved rollers, known as copper rollers, though they really 

consist of an alloy resembling bronze. They are in the form of a 

hollow cylinder, into which are forced a wedge and a steel spindle 

carrying a pinion by means of which the cylinder is set in motion. 

In this case, therefore, it is necessary for the goods to be 

pressed into the depressions of the cylinder, in order to take up 

the colour; hence a heavier pressure is needed than in the case of 

the hand-press, and the machine must be driven by power—a 

condition lying at the root of the high productivity of the cylinder- 

press, and one that renders it the sole class of machine suitable 

for the production of printed goods on a large scale. This press 

exhibits the further advantages of giving a sharp impression and 

perfect register in the case of multiple-colour patterns. 

The cylinder press may be of either the single-colour or the 

multiple-colour type, and each press is driven by its own motor. 

A single-colour machine will print up to 180 pieces of 60—70 

yards each per diem of ten hours. With multiple-colour machines 

the working speed is much slower, a twelve-colour machine, for 

instance, only printing about forty pieces a day. w 

Engraving the Printing Cylinders.—As already mentioned, 

the design is engraved on the cylinders. In order to hold the 

colour better on broad parts of the design, the surface th e re 

hatched with V-shaped channels, or punched with conical stipples. 

The engraving of the design is effected in various ways. The 

method apparently at first sight most suitable—namely, to trace the 

design on the surface, and then cut it out with the graver—is really 
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the one least in use, and then only employed for the outlines when 

the portions of the design to be engraved are so large that they do 

not repeat, or only partly so. 

In all other cases, i.e. when frequent repetitions of the same 

figures occur, a small steel roller is prepared, by means of which 

the pattern is pressed into the surface of the cylinder, the roller 

being in relief. 

The engraving of the cylinder is frequently effected by etching, 

either alone or in conjunction with the foregoing method. For this 

purpose the cylinder is coated over with asphalt lacquer, the lines 

of the pattern being then drawn in the asphalt so as to expose the 

underlying metal, after which the cylinder is immersed in dilute 

nitric acid, which etches out the exposed parts and leaves the 

design engraved on the metal. 

The sole decisive factor in the choice of methods is speed. 

Most frequently the work is done by the aid of a steel roller or 

“ molette,” on which the design is formed in relief by the following 

indirect process, the direct method being too difficult to attempt. 

For this purpose a steel cylinder of very good quality and suitable 

length is exposed to red heat for about twelve hours, embedded in 

a mixture of powdered charcoal and chalk, and placed in an iron 

box surrounded with loam. It is then covered with ashes and left 

to cool very slowly for two to three days, whereby the steel becomes 

soft, and is afterwards turned and polished to the exact size 

required, i.e. until its peripheral measurement is equal to the width 

of the pattern. The next step is to clean it by scrubbing with lye, 

levigated chalk, and dissolved soap, followed by a short immersion 

in a dilute solution of copper sulphate, rinsing, and drying. To 

transfer the design to this cylinder, a tracing of so much of the 

pattern as will be printed of the one colour is made upon satin 

paper, rendered transparent by impregnation with a solution of gum 

dammar in turpentine, the tracing ink employed containing sodium 

sulphide. This tracing is wound on the cylinder, fastened thereon, 

and left for a quarter to half an hour, by which time the design 

will be developed by the formation of copper sulphide on the 

surface of the cylinder. The lines thus marked are cut with a 

steel graving tool shaped like a slightly bent prism of rhombic 

section and ground off a slant at the end, thus leaving the convex 

edge of the prism to terminate in a projecting point. After the 

outlines have been cut out the conical stipples are punched to a 

certain depth in a machine, then deepened by hand with a hammer 

and punch, and finally bored out. They must be set at equal 

distances apart, and in rows of uniform direction. The hatching 

is effected with double cutter gravers, the one cutting edge working 
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in the groove already formed, whereby perfect regularity in the 

position of the hatched lines is secured. Mostly, however, the 

hatching is produced by etching, the lines being drawn on the 

asphalted surface by means of a ruling machine. They must be 

always arranged spirally, and not parallel to the axis of the roller, 

or they would catch in the ink knife in the operation of printing. 

Cross hatching is generally employed. When the entire design is 

composed of hatchings or stipples, the rollers are termed padding 

rollers, the cloth being printed over its entire surface with a uniform 

layer of colour, and not in a figured pattern. 

The engraving of this roller is conducted under a magnifying 

glass, the roller being mounted so as to rotate on the graving frame. 

When the process is completed the roller is polished with fine¬ 

grained sandstone and oil, and is punched with a number of coarse 

stipples outside the limits of the design in order to prevent slipping 

during the subsequent pressure. It is then hardened by embedding 

it in spodium paste in the same box that was used for the softening 

treatment, heated to pale redness, and quickly plunged into cold 

water several times in succession. As the roller, if too hard, would 

be liable to spring under the subsequently applied pressure, it is 

tested with chisels of different degrees of hardness, and, if found too 

hard, is rendered a little milder by reheating. Finally it is scoured 

with loam and water, rinsed, and dried. 

To produce the actual stamping roller, with the design in relief, 

from this molette, a steel cylinder, the peripheral measurement of 

which is a multiple of the first one, is softened, the two being then 

pressed tightly together by the aid of screw clamps and set in rotary 

motion. During this operation, whereby the metal of the softened 

cylinder is forced into the depressions of the hard one, the cylinder 

is strewn with a mixture of resin, fat, and wax. This mixture is 

also forced into the depressions of the matrix, and spreads thence 

over the raised portions of the patrix, so that when the latter is 

immersed in nitric acid only the unprotected parts are corroded by 

the acid, the result being to deepen the cuttings. The molettes 

are again clamped together and pressed, followed by another etching, 

the series of operations being repeated until the desired effect is 

completely produced. The stipples designed to prevent slipping are 

next cut away with hammer and chisel, and their place taken by 

shallow depressions serving the same purpose. 

The finished patrix should be a little thicker in the middle than 

at the ends, because the latter always wear away quicker, and for 

this purpose the ends are tapered off by a succession of etchings, 

commencing at the extremities, after which the roller is finally 

hardened. 
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This roller is now employed to transfer the pattern to the actual 

printing roller, which must be turned down so as to exactly cor¬ 

respond to a multiple of the molette, and is then mounted so as to 

rotate on its axis, clamped in contact with the molette roller, and 

set in motion, slowly at first, but more quickly afterwards, plenty 

of oil being applied. When the design has been cut all round 

the printing roller, the molette is shifted by a distance exactly 

corresponding to the length of the pattern, and clamped on again, 

the whole series of operations being repeated until the full working 

width of the printing roller has been treated. The projecting 

portions are then ground smooth, and the roller is cleaned. 

It being necessary that the ink should be removed as com¬ 

pletely as possible from the raised portions of the cylinder, the 

surface of the latter must be absolutely true, since the colour would 

otherwise collect in any irregularities—other than those of the 

pattern—and dirty the fabric. To produce this perfectly plain 

surface the cylinder is slightly etched with nitric acid and then 

lightly ground, which will reveal the projecting portions by the 

contrast between their smooth surface and the dulness resulting 

from the etching. These prominences are removed by etching, the 

hollows being lacquered over and the cylinder dipped in nitric acid. 

Finally, the whole cylinder is gently ground. Faulty engravings, 

as well as old patterns to be replaced by new ones, are removed 

entirely by grinding. 

Engraved designs can be produced on the molette or the print¬ 

ing cylinder entirely by etching. In the first place, the design is 

brought, by means of a camera obscura, in a five-fold state of 

magnification, on to a varnished zinc plate, and the details painted 

in their natural colours in order to facilitate recognition of the 

parts which are in association and have to be transferred to the 

same roller. The outlines are then punched out, their dimensions 

being diminished in a degree determined by experience, because of 

the tendency of the acid to enlarge them in the etching process. 

The reduction of the magnified design to its original dimensions 

in the course of transfer to the printing roller is effected by means 

of the pantograph, the stylus of which is moved over the outlines 

on the zinc plate, whilst the diamond engraving point which marks 

the pattern on the lacquered printing cylinder has an amplitude of 

movement only one-fifth that of the stylus. A sufficient number 

of these diamond points is provided to mark the pattern over the 

whole length of the printing roller at one operation. The roller is 

then etched in the usual manner, the lacquer washed off, and the 

etching gone over with the graving tool. 
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In printing on the cylinder machine the cloth suffers extension 

mainly in a longitudinal direction, the stretching progressing at 

each roller, so that on reaching the sixth roller it has attained about 

one-sixteenth of an inch. In order to counteract this tendency the 

rollers are made of different sizes (diameter); thus, in a four-colour 

machine, the first roller is a little smaller than the second and 

third (which are equal), whilst the fourth and last are a little 

larger than the intermediate ones. The disadvantage of this method 

is that the serial order in which the rollers come into action 

is arbitrarily fixed beforehand. In some works, rollers of equal 

diameter are used throughout, and the stretching is counteracted by 

special means, which, however, are not divulged by the users. 

Setting and Working a Single-Colour Cylinder Machine. 

The chief parts of the single-colour cylinder printing press 

(Fig. 37) are as follows: (a) the engraved printing cylinder; (b) the 

backing cylinder; (e) the ink-duct; (d) the inking roller; (e) the 

scraper; (/) the heating or drying plates. 

In this figure the goods to be printed are indicated by g, the 

backing cloth by i, and the intermediate cloth by h. The path 

taken by the goods is shown by the arrows, the cloth being 

unwound from the roller k, passed between the printing and the 

backing cylinders, where it is printed, and then led alternately 

upwards and downwards between drying plates, or dried by circu¬ 

lating through an enclosed hot chamber (o), and finally delivered in 

folds at l. 

Successful printing depends on several points of detail, includ¬ 

ing chiefly — a properly compounded printing colour and well 

prepared printing cylinder being presupposed—the accurate working 

of the scraper. As already stated, this organ serves to scrape off 

the colour from all the unengraved parts of the cylinder. It con¬ 

sists of a thin steel blade which is pressed against the printing 

cylinder, in the direction of rotation of the latter, by means of a 

weighted lever placed on one side, and receives a reciprocating 

motion by the action of an eccentric rod actuating a bell-crank 

lever. The upper edge is ground sharp, though in some cases 

(e.g. striped patterns) a rounded edge is preferred. When acid 

colours are used, the scraper must be protected by a coating of 

varnish. In some cases a second or counter scraper is provided 

(m, Fig. 37), mounted in the opposite direction to the movement of 

the cylinder, its use being to remove any fine nap that has become 

separated from the fabric, and prevent the same from getting into 

the colour; this scraper is immovable. 
16 
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The backing or pressure cylinder serves as a solid abutment 

for the printing roller. To make this pressure elastic, the backing 

cylinder is mounted in adjustable bearings, which can be moved up 

and down in grooves by the aid of a train of levers, the pressure on 
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the printing cylinder being increased at will by weighting the 

levers. The necessary accurate parallelism of the two cylinders 

is secured by the aid of strong screws, and the elasticity of the 

pressure is increased by covering the backing cylinder with several 

layers of tightly stretched printer’s blanket. The same object is 

effected by the backing cloth (i, Fig. 37), an endless cloth composed 

of several layers of stout cotton fabric fastened together with 

caoutchouc; in this case, as also in the blanket clothing the 

cylinder, all wrinkles must be entirely avoided. The intermediate 

cloth, which keeps the backing cloth from becoming stained by the 

printing colour, is of rough gassed cotton fabric, which after a 

while is cleansed by bleaching. It runs between the cloth to be 

printed and the backing cloth. After passing through the machine 

all three cloths are dried by being led between hot plates (/, Fig. 

37), which are generally placed in the rear of the machine; or by 

circulating through a closed hot chamber. The intermediate cloth 

is afterwards washed and used over again; though a better way is 

to keep this cloth in continuous motion, washing it by passage 

through a water-trough and roller brushes, after leaving the press, 

and then drying it on a hot cylinder. 

In printing, the printing cylinder is set in motion by toothed 

gearing, and carries the backing cylinder round with it. A piece 

of the intermediate cloth is first passed between the cylinders, and 

the extra piece, attached to the cloth to be printed, is also passed 

through and fixed on to the guide bands leading to the drying 

apparatus. Both the goods and the intermediate must be quite 

straight, free from folds, and passed into the machine at a certain 

tension, which is attained by applying weights to the axes of the 

rollers on which these cloths are wound, in order to ensure uniform 

pressure against the bearings. 

The pull exerted by the two cylinders on the goods and inter¬ 

mediate cloth in order to unwind them from their respective rollers 

must never be so great as to damage the fabric, and should remain 

as uniform as possible during the operation of printing—an object 

attained by the aforesaid weighting. 

The task of the printer consists in watching the fabric as it 

passes through the machine, so as to immediately detect any defects 

in the printing. This is arduous work, and requires the aid of a 

good light to perform successfully, on which account the machine 

is generally set up in front of a large window. As soon as the first 

yard has passed through the machine the printer must satisfy himself, 

by turning up the edges of the stuff, that the pressure is equal on 

both sides; the colour should show through at the back to an 

equal degree on both edges. The defects arising in printing 
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generally originate in the scraper. Thus, if any solid substance, for 

example, get between the scraper and the printing cylinder and lift 

up the former a little, the scraper will cease to act for that instant, 

and will thus leave a cross stripe of colour on the cylinder. Should 

the solid obstruction (e.g. a grain of sand) remain, the scraper will 

be prevented from acting on the colour at that particular spot, and 

a longitudinal stripe of colour will therefore be formed. Similar 

stripes are also produced when the scraper has become worn in 

places through constant friction against the engraved roller. If the 

edge of the scraper has not been ground sharp enough, the im¬ 

pression of the outlines will be fuzzy instead of clear. When the 

printing cylinder is not true, the scraper will not touch such parts 

as are below the general level. 

Another cause of defective printing may reside in the colour, 

especially when this does not properly come off on to the cloth, but 

remains in part in the channels of the engraved surface. When 

such is the case, the inking roller must be replaced by a roller 

brush. In the case of colours, like chrome yellow, that exhibit this 

defect in a higher degree, a second stationary brush must be fixed 

up in front of the printing cylinder. 

In any event, as soon as any defect in the printing is noticed, 

the printer must stop the machine and remove the cause. As the 

scraper is the chief cause of defects, this tool must be reground 

after a certain number of pieces have been printed. 

When a change of colour is made, the printing cylinder, scraper, 

and ink-duct must all be thoroughly cleaned, the best plan being to 

keep separate sets of brushes and cleaning cloths for blue, red, and 

in fact for each different colour used. 

Setting up and Working a Multiple-Colour Machine. 

Although cloth-printing machines have been constructed to 

print as many as twenty, twenty-five, and even more colours, it is 

not usual to go higher than twelve, since the heavy pressure to 

which the fabric is exposed necessitates the employment of stronger 

colours (i.e. richer in pigment). The machines most frequently are 

two to six-colour presses. 

The multiple-colour machine has a separate printing cylinder, 

ink-duct, ink-roller, and scraper, for each roller; a three-colour 

machine, therefore, having three printing cylinders, three ink-ducts, 

three inking rollers, and three scrapers. On the other hand, there 

is only a single backing cylinder, backing cloth, and intermediate 

cloth, as in the single-colour machine. 

In this case the arrangement for producing elastic pressure is 
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somewhat different. The backing cylinder, the size of which 

depends on the number and size of the printing cylinders, is 

mounted on bearings that can be raised and lowered by means of 

screws, but it is kept fixed during printing. The set of levers 

mentioned in the single-colour machine acts in this case on the 

lowermost printing cylinder, the others being pressed against the 

backing cylinder, either by the aid of screws fitted with rubber 

rings or else by means of levers. 

The principal difference in the method of working the two" 

classes of machines consists in the method of producing the register, 

i.e. the proper relative adjustment of the various parts composing 

the pattern. For this purpose a special device is required,—the 

wheels mounted on the different roller spindles, which are driven 

by a pinion in the centre, being fitted with a device which enables 

any difference in the movement and situation of the individual 

rollers to be compensated; these wheels are therefore called 

register wheels. A sleeve e is fastened on the trunnion of the 

printing cylinder b by means of the spring key c and set screw d, 
and is loosely connected with the driving-wheel / by means of the 

screw g. A screw h passes through the lug i on the sleeve e, and 

rests at both ends against two half-moon lugs h l on the printing 

cylinder wheel. On turning the screw in one or the other direction 

by means of a key-pin passing through the head (which can be 

done whilst the machine is running), the sleeve e is moved in an 

axial direction, and imparts a similar movement to the printing 

cylinder, so that in this way the rollers can be brought into register 

when either too far ahead or behind. It is, however, necessary to 

have the register approximately correct before starting, and this is 

effected in the following manner:— 

The lower roller is first put into position and set parallel to the 
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axis of the backing cylinder, the other rollers being then put in and 

set parallel to the first. The cylinders having been marked by the 

engraver at the place where they correspond, that on the first roller 

is now marked with chalk, and the machine is started slowly, only 

the intermediate cloth being run through at first. This chalk-mark 

prints off on the intermediate cloth, and the resulting impression 

should exactly coincide with the corresponding marks on the other 

cylinders if the register is correct. This will rarely if ever be the 

case at the outset, and it will be necessary for the printer to adjust 

the register either by a lateral movement of the rollers or by means 

of register wheels. This having been approximately done, the 

ink-duct is filled with colour, and a remnant of cotton fabric is 

run through the machine, the resulting impression showing what 

additional correction is required to obtain a perfectly accurate register. 

In beginning to print, the machine is first run very slowly; and 

the printer must give careful attention to all the points already 

mentioned in connection with single-colour printing; in addition to 

which he will have to look after the register all the time the 

printing continues, since slight alterations of register are constantly 

occurring, as a result either of slight modifications in the tension 

of the fabric, or from other causes. This work of adjustment can 

always be carried out while the machine is running, stoppages being 

avoided as much as possible, since they are liable to produce light 

streaks on the goods, in consequence of the colour running out of 

the engraved parts near the point of contact with the material. 

An unavoidable inconvenience in multiple colour-printing on 

the cylinder machine is, that the colour cannot be completely 

removed from the smooth parts of the cylinders by the scraper, and 

consequently small particles of colour are left on the material, and 

get mixed with the next following colour. On this account great 

care must be taken to use the most delicate colours (e.g. pink, 

yellow, pale blue), first leaving those capable (like black) of doing 

most damage until last. To prevent a clouding of the colour by 

preceding colours, a so-called water-roller is placed between each 

two-printing cylinders. This consists of a smooth cylinder, provided 

with a scraper, and fed with a thin solution of tragacanth or gum. 

Sometimes the final printing cylinder is followed by a smooth 

cylinder, which presses the colour into the material, this being 

employed when it is desired to have the pattern on thin material 

shown up about the same on both sides, so that the corresponding 

parts exactly coincide, as in the duplex printing machines, which 

will print up to eight colours on each side, the method of working 

being shown in the diagrammatic sketch (Fig. 39). 

Really the machine consists of two machines, each having its 
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own backing cylinder, backing cloth, and intermediate cloth. The 

engraving on the rollers of the one machine is to those on the other 

as image and reflection. 

Before beginning to print the actual fabric, about thirty yards 

Fig. 39. 

of material are run through the machine to enable the rollers to be 

adjusted and set in register. Bor the latter purpose all the rollers 

of each separate machine are coanected with a large register wheel, 

to that the whole of the rollers can be adjusted to the same extent 
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by a single register screw. After the impression the stuff is passed 

over a water-roller. Printing on both sid£s is more particularly 

employed for the production of curtains and upholstery goods and 

calico-printing. 

CALICO-PRINTING. 

The goods intended for calico-printing must be first bleached 

in the most complete manner possible. Some colours are printed 

on prepared fabric; others without this preliminary treatment, 

The preparation consists in padding the fabric in a solution of 

Turkey-red oil (about 9 oz. per gallon), followed by drying. Some 

colours, especially alizarine red and rose-red, show up much brighter 

on prepared stuffs, and this property of Turkey-red oil is also utilised 

to revivify certain colours that have suffered under treatment sub¬ 

sequent to printing (e.g. by chroming), the goods in this casefbeing 

padded with Turkey-red oil, dried, and gently steamed for a short 

time. * 

The different styles of calico-printing are as follows:— 

1. Production of the pattern by direct printing. 

'2. Combined dyeing and printing. 

3. Discharge style printing. 

4. Reserve style printing. 

1. Reproduction of Pattern by Direct Printing. 

In this case the principal thing to be considered is the colour, 

its preparation, and fixing. C/ 
The printing colour contains a solution or suspension ofTdne or 

more dye-stuffs, solvents such as alcohol or organic acids, mordants, 

tannin, thickening material, and occasionally other substances as 

well. 

The dye-stuffs must be always of the same strength, and con¬ 

sequently have to be first tested by a sample printing. Each dye¬ 

stuff is dissolved separately, the solution being used only in a filtered 

condition. Dye paste should be carefully stirred up before being 

sampled; and solid dyes must be reduced to the finest possible 

state of division for use. 

The mordants are, for the most part, salts of acetic acid, which 

are prepared in a concentrated form by the printer, and kept in 

stock, it being difficult to increase the concentration, though dilution 

with water can be effected as required. The fixing agent used is 

tannin, generally dissolved in water and acetic acid. 

Oleic acids (Turkey-red oil) are frequently added to brighten 

colours, but are not used for fixing. Both the mordant and the 
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fixing agents must be tested by an experimental printing, to determine 

their quantitative relation to the dye and influence on the shade 

and brightness. 

The adjuncts to printing colours are acetic acid, tartaric acid, 

^sodium chlorate, olive oil, fats (tallow, lard, etc.), turpentine, glycerine, 

and sal ammoniac; other adjuncts being used only in exceptional 

cases. Acetic acid serves to dissolve the dye-stuffs and colour lakes, 

a purpose also served by the less frequently used Tartaric acid. 

Sodium chlorate is added as an oxidising agent to some colours 

—aniline black, logwood, etc. Olive oil softens the colour and 

facilitates printing, the same effect being produced by other fats. 

Turpentine is added To some colours to prevent frothing in the ink- 

duct. 

On account T)f its non-drying properties, glycerine forms a useful 

adjunct to many colours, especially such as are prepared with gum 

or albumin; it prevents frothing, softens the colour, and keeps it 

from drying on the printing cylinder. Sal-ammoniac, being hygro¬ 

scopic, is added to colours which it is advisable to prevent drying 

quickly, e.g. aniline black. 

Thickening’ Agents.—These consist chieflyv of wheat starch, 

flour, baked starch, gum, and albumin. Wheat-starch is perhaps 

the most frequently used for thickening in calico-printing. The 

paste is prepared by stirring up the starch to a thick pulp, with a 

little water, and gradually adding more water until a thin milk is 

produced, whereupon the rest of the water is added all at once, and 

the whole is boiled until the thickened paste begins to turn a little 

thinner. It is then cooled and stirred until quite cold, to prevent 

it getting mouldy:^— 

Boiling is effected in pans of the type shown in Fig. 40. Steam 

heat is used, the steam being admitted through /, g, and h in the 

steam jacket h, the excess and condensed water being drawn off at 

c. When the boiling is finished, the steam is shut off, c is opened, 

and cold water is run into the jacket from i, through m. Stirring 

is effected by so-called planet stirrers /, the stirring paddle, in 

addition to rotating on its own axis, also describing a circular 

path round the inner wall of the pan. To empty the pan the 

stirring apparatus is uncoupled at t,v, and the pan is tipped about 

on its horizontal axis after the paddles have been taken out. This 

thickening material is generally prepared in two strengths, the one 

containing 100 parts, the other 150 parts by weight of starch per 

1000 parts of water, the strength being accordingly expressed by 
lOO QYiri 1 5 o_ 
row &na TOOO- 

Wheat starch paste is unsuitable for colours containing strong 

acid or some strong acid salts, which act upon it and convert it 
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into dextrin, which forms a thinner solution. Acetic acid, how¬ 

ever, produces no change, even on boiling. 

As a rule, the starch is merely tested for its thickening pro¬ 

perties, and for the presence of insoluble foreign matters such as 

sand, etc. In the first test, starch of acknowledged quality is 

F
ig

. 
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employed for comparison, a thin paste of equal concentration being 

prepared from each, and their consistence compared by allowing 

them to drop from a spatula. To test for insoluble matters capable 

of forming scraper streaks in printing, the starch is stirred up to a 

thin milk with water, whereupon the solid foreign matter will quickly 

subside and can be examined after the liquid is poured off. 

Two kinds of roasted starch are prepared, namely, light and dark, 

the former being a light brown powder, which is mixed with water in 

the proportion of 7 parts to 5, 5 additional parts of water being 

then added, and the whole boiled for about two hours. To the 

same class also belong a number of white products, e. g. dextrin, pre¬ 

pared by heating wheat starch to about 100° C. with dilute acid; 

British gum, a dextrin from rice and maize starch; Leio gum is 

a roasted potato starch, and crommelin and ly-chow are similar 

products. These light roasted starches do not thicken so strongly 

as starch itself, but are very useful for thin colour. They are 

soluble in water in all proportions, the thickening solution being 

prepared by dissolving one part by weight in one to two parts of 

boiling water. 

Dark roasted starch is prepared by roasting starch at about 

200° C. In consequence of excessive roasting, it often contains a 

brown insoluble substance which would choke up the engraving, 

and must therefore be kept out of the printing colour. To deter¬ 

mine the value of starch of this kind, a small quantity, about 10 

grms., is. dissolved in half a litre of water, and left to stand awhile 

in a graduated cylinder, the insoluble sediment being then measured. 

The utility of the sample is in inverse proportion to the amount of 

this sediment. 

This dark roasted starch has only about one-fifth to one-sixth 

the thickening power of weak starch. In consequence of the sugar 

content it may serve to retard the oxidation of certain dye-stuffs 

or iron mordants. When printed it does not penetrate so deep 

into the fibre as unroasted starch; also when dried it is more 

readily softened by water, and can therefore be more easily washed 

out of the fabric than the latter. It is very useful for strongly 

acid dyes, and is really the only suitable thickening for strongly 

alkaline dyes. The solution is prepared by stirring up 10 parts 

of the starch with 5 parts of water, then adding another 5 parts of 

water, and boiling the whole up for two hours. All the different 

gums used are chiefly made of gum arabic, tragacanth, and Senegal 

gum. 

Gum arabic is one of the oldest thickenings used, and is par¬ 

ticularly suitable for pale clear tints. Both raw and roasted starch 

cause the fibre to look darker and stronger than when printed with 
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gum thickening. The colours thickened with gum dry quickly and 

contract the material, on which account gum is unsuitable for 

printing mordants, because in this case the colours do not show up 

full when subsequently dyed. 

The contraction of the material by gum can be prevented by 

adding a little pipeclay. Gum arabic being dear, it is wherever 

possible replaced by light roasted starch or tragacanth. Frequently 

it is used for colours that must be applied in concentrated solution, 

in which case it is strewn in the form of powder. The solution of 

gum arabic is prepared by stirring up the gum with boiling water, 

and then either boiling or leaving to stand until dissolved. Should 

the solution be lumpy, an adulteration with insoluble gums is 

indicated. The usual strength of the solution is either 1000 parts 

or 800 parts per 1000 of water. As dissolved gum readily falls 

a prey to acid fermentation, the solution should be prepared in 

small quantities only, and stirred in a cool place. Fresh solutions 

of gum should not be put into vessels containing remnants of old 

solution. 

Senegal gum, although very cheap, is not in much favour; it 

sticks too fast to the fabric, and therefore can only be used with 

colours that will stand vigorous washing. It imparts a certain 

smell to the material. 

Tragacanth is a very important thickening, and is used in 

a thick mucilage or as tragacanth water. The thick mucilage is 

prepared by suffusing tragacanth with hot water (60 parts per 

1000 of water), leaving to stand for twenty-four to twenty-eight 

hours, and then boiling in a closed cylinder until the mucilage has 

become perfectly homogeneous (four to six hours). The thicken¬ 

ing most frequently employed, especially for tannin colours, is a 

mixture of equal parts of wheat starch paste and tragacanth 

mucilage (two-). This is sometimes known as mark 1/1. The 

thickening power of all these substances is tested in exactly the 

same way as with wheat starch; in some cases, especially gum 

arabic, they are also tested to see if they cloud the thickening 

colour, for which purpose a sample print is made with a light colour, 

such as pale blue and methylene blue. 

These thickenings are mostly prepared separately, and then added 

to the corresponding colour solutions and adjuncts before use. A 

few of the readily soluble substances are sometimes mixed in the 

solid state with the warm thickening; fats must always be boiled 

in mixing; dyes and mordants, on the other hand, must only be 

mixed cold, since otherwise precipitation might occur through the 

formation of lakes. Formerly the printing colours, especially those 

containing starch, were generally boiled, i.e. the starch was mixed 
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not only with water, but also with the dye-stuffs and several 

necessary adjuncts (except mordants), and then boiled for an hour 

or longer in the same pans as used for making wheat-starch 

paste (Fig. 40). 

Apparently the sole object of this in most cases was to combine 

the gelatinisation of the starch and the mixing with the other 

ingredients in one operation. This is still done when a better 

incorporation of the ingredients can be secured by boiling them 

all together, e.g. in the case of colours containing dye-wood extracts. 

Since most printing colours contain acetic acid and olive oil, these 

substances are very often added in preparing the starch paste, from 

one-tenth to three-tenths of a gallon of 6° B. acetic acid—accord¬ 

ing to the colour—and about 3J—7 oz. of olive oil per gallon of 

thickening being used. In the case of starch-tragacanth thickening, 

the finished tragacanth mucilage is also boiled over again. A special 

type of thickening is that prepared from albumin, inasmuch as it 

also acts as a fixing agent on the colour. For bright colours, egg 

albumin is used; for all others the less pure, but much cheaper, 

blood albumin. The first named is prepared from white of egg; the 

blood albumin by freeing blood from fibrin and then evaporating it 

in vacuum pans. The solution of this albumin in water must be 

prepared in the cold, about 65 lb. of albumin being steeped in 6J 

gals, of water for twenty-four hours, at the end of which time 1J 

gal. of turpentine is added to prevent frothing in the ink-duct, and 

half a gallon of ammonia to keep the solution from turning acid. 

When the colour, thickened with albumin and printed upon a fabric, 

is exposed to heat, e.g. by steaming, the albumin coagulates, being 

thereby deposited on the fabric in an insoluble and adherent form, 

and thus acting as a fixing agent for the colour with which it is 

mixed. All thickenings must be strained for the removal of lumps 

and solid particles, and this is effected either by putting them in a 

bag strainer and forcing them through the meshes of the fabric by 

pressure and twisting, or placing them on sieves and working them 

about with brushes by hand or mechanical appliances in imitation 

of hand labour, in order to rub them through. It is also advisable 

to strain the finished printing colour after the addition of the 

thickening material to the other ingredients. 

All these thickenings and other dissolved substances used in 

preparing the printing colour are measured out in graduated copper 

vessels, which is quicker than weighing; dye-stuffs and dye pastes, 

however, are weighed. The finished colour is stored in earthenware 

vessels or wooden casks, which are marked to prevent confusion. 

If a lighter shade of an already prepared printing colour is required, 

it may be obtained by diluting the latter with a given weight of the 
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same thickening that was originally employed; for example, a red 

printing colour thickened with starch paste and numbered “ red 

100” is reduced with three parts of the same starch paste; this 

reduced or diluted colour will then be numbered “red 100J,” In 

diluting tannin colours the diluent thickening should receive an 

addition of sufficient tannin as to contain approximately the same 

percentage of tannin as the printing colour itself. This is necessary 

because the thickening material and the cotton both absorb certain 

' quantities of tannin. 

To calculate the cost of a printed article, the amount of colour 

consumed in printing a single piece must be taken into consideration 

as well as the price of the printing colour itself. This is done in 

the following simple manner:— 

The colour is weighed before use, and again after a certain 

number of pieces have been printed, the difference in weight giving 

the amount consumed. 

Employment of Mordant Dye-Stuffs. 

Thanks to their fastness, the mordant dyes play a predomi¬ 

nant part in calico-printing. They are all so-called “ steam ” dyes, 

because the aid of steam is necessary to effect the combination of 

the dye with the mordant, the formation of the colour lake, and the 

fixing of the latter on the . fibre. 

Alizarine is the most important of the series. For red and rose 

it is used along with alumina mordants (with or without tin 

mordants); with iron mordants for violet, and with chrome 

mordants for Bordeaux and brown. In the case of red and rose 

the goods must always be prepared before printing, as otherwise the 

colour will come out dull and impure. The blue tinge alizarine 

marks are used for rose, whilst for red those chiefly consisting of 

flavopurpurine are takem^X 

Apart from alizarine red, the following are the principal mordant 

dyes in use for printing:—Alizarine orange with chrome mordants, 

for various brown shades; alizarine blue with chrome or zinc 

mordants, for blue; alizarine Bordeaux with alumina mordants, for 

amethyst; cceruleine with chrome mordants, for green ; gallocyanine 

with chrome mordants, for violet; logwood with chrome and iron 

mordants, chiefly for brown and black; quercitron and buckthorn 

berries with tin, alumina, and chrome mordants, for yellows ; catechu 

with chrome and alumina mordants, for brown; redwood (chiefly on 

account of its cheapness), for mixed colours. 

Other dyes are, of course, used, such as galieine with chrome 

mordant, for violet; alizarine black with chrome mordant, for grey; 
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oriole yellow with chrome mordant, for yellow, etc., though not to 

the same extent; and there are various other dyes suitable for the , 
purposes of the calico printer, the employment of which is kept secretes. 

Without going into special details, not much can be added to 

what has already been given as to the preparation of the printing 

colour. The alizarine dyes are mixed with the thickening, in the 

cold, whereas dye-wood extracts are generally boiled in the course of 

preparing the thickening. Tor producing light shades, the printer 

usually prepares diluted pastes and extracts from the concentrated 

commercial articles. The proportions of ingredients taken vary in 

different establishments; the principal thing is to have the correct 

ratio of dye-stuff to mordant, and in this respect it is always 

preferable to have too much mordant than too little, because in the 

latter case the unfixed dye is loosened from the fibre in the sub¬ 

sequent washing and dirties the material. The mordants used 

almost exclusively are chromium acetate, chromium bisulphite, 

aluminium acetate, aluminium sulphocyanide, iron pyrolignite, tin 

salt, tin acetate, and tin paste. 

. Employment of Basic Dye-Stuffs. 

^ An important part is also played by the basic dyes in calico- 

printing, the following being those most in use: — Auramine, 

brilliant green,-malachite green, methyl green, methylene blue, new 

methylene blue, turquoise blue, printing blue, acetine blue, methyl 

violet, methylene violet, safranine, fuchsine, and rhodamine. Some 

of them exhibit a tendency to encrust on the unengraved parts of 

the printing cylinder, and in such event a bar covered with flannel 

must be employed at that part of the cylinder where the counter¬ 

scraper is usually placed. 

The printing colour consists of three portions, all of which are 

generally prepared separately, i.e. the thickening—mostly wheat 

starch and tragacanth thickening, 1/1 gum water being often used 

for delicate tints;—a solution of the dye in acetic acid and water, or 

acetic acid and alcohol; and a solution of tannin in acetic acid and 

water. For some colours tartaric acid, or ethyl-tartaric acid, is 

added as well; this last-named acid, acetine, or levulinic acid being 

employed as a solvent in the case of the indulines. Colourless 

tannin should be used for bright light tones, especially for light 

blue. ***Most of the basic dyes show up better when printed on 

prepared cloth. ) 
P The basic dyes are used in a special manner for the production 

of the so-called “ Lucca ” goods, which constitute an imitation of 

Indian shawls. The goods are prepared by padding with a solution 
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of sodium stannate thickened with a solution of casein in water and 

borax. The dyes are mixed with albumin or various metallic salts, 

such as aluminium acetate and magnesium acetate, with sodium 

arsenite and aluminium acetate, with arsenicated glycerine, etc., and 

a thickening material, and fixed by steaming. 

All the printing colours prepared with basic dyes are steam 

colours, steaming being indispensable to fix them on the fibre. \ 

Employment of the Albumin Dye-Stuffs. 

*Many of the mineral pigments, such as ultramarine, vermilion, 

chrome yellow, orange chrome, chrome green, various ochres, and 

lampblack paste (for grey, shaded with ultramarine), being insoluble, 

cannot be fixed on the fibre in any other way than by mixing them 

with albumin before printing, the fixation of the colour and the 

recovery of the albumin being then effected by steamingX Hence 

these colours also are “ steam colours.” Occasionally other colours 

capable of employment in other ways can also be used as albumin 

colours, e.g. buckthorn-berry tin lake, erythrosine—precipitated from 

its solution by sulphuric acid, and mixed with albumin,—as also 

solutions of basic dyes, such as methyl violet and fuchsine. 

In order to economise the expensive ingredient albumin, it is 

generally replaced in part with tragacanth mucilage or starch paste; 

naturally, the lower the proportion of albumin employed, the less 

satisfactorily will the colour be fixed. 

>^The beauty of the mineral printing colours varies directly with 

the fineness of division, for which reason it is the general practice to 

grind the commercial colours (chrome yellow and orange chrome 

pastes) for a considerable time, in association with a little dissolved 

gum, in indigo mills. In printing with these colours, the usual ink¬ 

ing roller is replaced by a roller brush, and frequently a counter 

brush must be used as well>r 

Ultramarine, being difficult to moisten, must be converted into 

paste with a little alcohol. In using this pigment it must not be 

forgotten that the same is easily decomposed by acids. 

Chrome yellow and orange chrome are printed in association 

with a salt of cadmium, the object of which adjunct is to counteract 

the tarnishing effect of sulphuretted hydrogen (PbS) by forming a 

yellow sulphide. 

/Several of the albumin colours find their chief use in indigo 

discharge style printing. 

Employment of Direct Dye-Stuffs. 

Of these dyes, which play such an important part in cotton¬ 

dyeing, only a very small number are used, and that, too, for the 
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production of light grounds. These comprise chrysamine, chlora¬ 
mine yellow, brilliant geranine, diamine pure blue, etc. For the 
most part, they are simply mixed with the dressing preparation and 
applied to the material therewith. 

Employment of the Developing Dye-Stuffs. 

The method of applying the ice colours is the same as in dye¬ 
ing, the fabric being prepared with /3-naphthol, dried, and printed 
with the thickened solution of the diazotised amine. 

The instability of the diazo solutions makes itself felt here even 
more than in dyeing. All these colours have the defect of being 
unable to stand steaming, and being therefore unsuitable for mixing 
with steam colours. Nevertheless they play a still more important 
part in calico-printing than in dyeing. 

Aniline black, having already been fully described as oxidation 
black, requires little additional mention here. The same mixture as 
before is employed, and, being suitably thickened—preferably with 
dextrin—is printed on the fabric, the black being then developed 
just as in dyeing. In order to minimise the injurious effect 
produced by the acid, a portion of the aniline is used in the free 
state as aniline oil. When the goods are first printed with a lead 
salt, for the production of chrome colours, the aniline chloride is 
replaced by aniline nitrate, since otherwise lead chloride would be 
formed, and would incrust the scraper of the black roller. Also by 
using the nitrate less aniline is consumed. 

Sometimes a so-called aniline steam black is used, the colour 
being developed by steaming. These colours are either compounded 
in the same way as Prudhomme black, or else contain yellow lead 
chromate instead of ferrocyanide. Moreover, in light patterns an 
ordinary aniline black can be developed by steaming, in which case 
the printed goods are first developed in the oxidising chamber, then 
passed through ammonia vapour, and entered in the warmed and 
closed steamer—on the floor of which one or two pans filled with 
ammonia have been placed—where they are steamed in the usual 
way for about a quarter of an hour. 

Aniline black always corrodes the scraper to some extent, and 
this should therefore be ground afresh after a certain number of 
pieces have been printed. 

The history of the evolution of aniline black is very in¬ 
teresting :— 

The first aniline black printing colour was prepared by John 
Lightfoot in 1863, and consisted of aniline, hydrochloric acid, acetic 
acid, potassium chlorate, cupric chloride, sal-ammoniac, and starch 

17 
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paste. When this black was printed without copper, by the aid of 

a wooden roller, it did not develop at all, but the black showed up 

after being placed in contact with a metal plate for a short time, 

from which behaviour Lightfoot concluded that metals were essential 

to the development of the black. However, the employment of 

soluble copper salts proved a failure, owing to the formation of a 

precipitate of aniline black within the colour itself. Subsequently 

attempts were made to obviate this by impregnating the goods with 

a solution of copper sulphate by padding, and employing a colour, 

free from copper, for the printing. In this case, however, the white 

of the fabric must be cleaned by treatment with ammonia. Finally, 

recourse was had to insoluble copper salts, like copper ferrocyanide 

or copper hydroxide; in fact, the recommendation made by Lauth 

in 1864 to use copper sulphide is still followed at the present time. 

For hand printing, however, copper sulphate must be retained, 

because the paste preparations readily incrust the block. 

It is now known that metals are not essential for the develop¬ 

ment of aniline black; all they do is to decompose the chlorate, 

which object can also be effected by the aid of acids. 

A further important advance was the introduction of aniline 

tartrate, as a substitute for the chloride, by C. Koechlin in 1865, 

thus making it possible to print even the finest fabrics with aniline 

black without any risk of corrosion. The quantity of tartaric 

acid employed to dissolve the aniline is between that required 

for the formation of the neutral salt on the one hand and the acid 

salt on the other. Without sal-ammoniac it is impossible to obtain 

a good black; and the action of this salt is explained by the 

assumption that, by temporarily producing aniline chloride, it helps 

to. start the oxidation. 

An aniline black produced with tartaric acid requires much 

more chlorate—70 per cent, and over—than the ordinary black 

with aniline chloride. This consideration and the use of tartaric 

acid render this colour so dear that it is now seldom used. 

The mineral colours developed on the fibre in calico-printing 

are the same as used in ordinary dyeing. 

The usual plan in the case of chrome yellow and orange chrome is 

to print with a suitably thickened mixture of lead acetate and nitrate, 

and then treat exactly in the manner described in the previous 

chapter. Iron chamois is seldom used. Berlin-blue is never 

employed alone in calico-printing, but only as an adjunct to various 

printing colours, e.g. logwood black, and with mordant dyes or 

tannin dyes for olive green and brown shades, by mixing potassium 

ferrocyanide therewith, Berlin-blue being then formed, in the 

presence of acids, by the heat of the steam chamber. 
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A “ steam chrome yellow ” and “ steam orange chrome ” are 

produced in printing with lead acetate and nitrate in conjunction 

with barium chromate paste, and then steaming. 

A manganese bistre can also be produced as a steam colour by 

printing a mixture of sodium or potassium bichromate, manganous 

chloride, and sodium acetate, the oxidation being effected by steam. 

Employment of the Vat Dye-Stuffs. 

Indigo is fixed on the fibre by the Schlieper and Baum glucose 

method. Its principal use is in the production of red and blue 

patterns by over-printing goods dyed with Turkey-red. 

The modus operandi is as follows:—The fabric is first impregnated 

with a solution of grape sugar by padding, and then well dried. 

The printing colour consists of a thickened mixture of finely 

ground indigo paste and concentrated caustic soda, and the main 

point to be watched in its preparation is to prevent the mixture 

heating. The pressure applied in printing should be slight, 

in order to prevent the colour being forced too deeply into the 

fabric. The goods are then dried in a hot-air chamber to prevent 

the conversion of the sodium hydroxide into sodium carbonate— 

which would have a reducing action in the subsequent operations— 

and then steamed in a special chamber, where they are exposed for 

a few seconds to steam that is free from air, the colour being 

thereby fixed through the reduction of the indigo to indigo white. 

Next follows, without delay, washing in a copious supply of water, 

preferably in a roller washer and full width; this removes the 

caustic soda and oxidises the indigo white to indigo blue. 

Other methods for producing indigo blue on the fibre are the 

“ propiolic acid print” and the method with Kalle’s “indigo salt,” 

in accordance with which methods indigo should be classed with 

the developing dye-stuffs. 

Indigophenol blue gives fast tones, very similar to indigo, when 

printed, though unfortunately it is very sensitive to steaming, and 

therefore cannot be combined with steam colours. Nevertheless a 

short steaming is indispensable for the fixing of the dye, despite the 

dulling effect thereby produced ; and, indeed, the longer the steaming 

the faster the colour to washing and soaping. 

To prepare the printing colour, the indigophenol is boiled with 

acetic acid, wheat starch, and tragacanth mucilage, and then mixed 

cold with a fivefold quantity of 20° B. tin acetate, with which it is 

left to stand for some time in order to effect the reduction to 

indigophenol white. After printing, the goods are left in the 

warm oxidising chamber for about thirty-six hours, then passed 
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through ammonia vapour, to neutralise the acid in the printing 

colour, followed by a passage through the Mather and Platt, and by 

steaming in an enclosed chamber for a half to one hour, under low 

pressure. A pan filled with ammonia is placed on the floor of the 

steaming chamber. Finally the goods are washed—also treated 

with potassium bichromate, if necessary—and hot soaped. 

Employment of the Acid Dye-Stuffs. 

The acid dye-stuffs which are unsuitable either for the dyeing 

or printing of cotton, are very seldom used in calico-printing; 

actually only for the so-called “ Lucca ” goods. The colours are 

fixed in the same way as in the case of the basic dyes for the 

same purpose. The dyes chiefly used are coralline, a few ponceaus, 

alkali blue, water blue, etc. 

Latterly it has been found that the eosines can be fixed on 

cotton by the aid of chromium acetate, after the manner of the 

mordant dyes. 

For the production of various tints in calico-printing, use is 

made of the above-named dyes, either separately or in combination. 

Green is produced with the green tannin dyes and fast 

coeruleine, either by itself or shaded with one of the yellows 

specified, whereby a variety of olive green * shades is obtained. 

Chrome green is chiefly used in indigo discharge style printing. 

Bright Yellow.—For this purpose buckthorn berries and tin 

mordant form the main dye-stuff, auramine and chrome yellow 

coming next. Various yellows are also furnished by buckthorm 

berries in association with other mordants, as well as by quercitron, 

oriole yellow, and light-yellow with direct dyes. 

For orange, use is chiefly macje of alizarine orange and orange 

chrome; for red, alizarine and alumina mordant; eventually 

yellowed and enlivened by the addition of tin mordant; nitraniline 

red being also used, though this last is unsuitable for combining 

with steam colours. Vermilion is still largely used in indigo dis¬ 

charge style printing. 

Rose-red is produced with alizarine and alumina mordant; for 

topping, use is made of direct dyes. 

Bordeaux is chiefly produced with alizarine and chrome 

mordant, and with ice colours. 

Fast violet tints are produced with alizarine and iron mordant, 

gallocyanine, and chrome mordant, and a mixture of methylene 

blue and safranine. Vivid fugitive violets are obtained with methyl 

violet. 
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A comparatively large number of dyes are employed for blue 
shades. Pure greenish blue tints are produced with methylene 

blue, new methylene blue, turquoise blue, and a very greenish 

ultramarine ; for dark blues, use is made of the indulines, or brilliant 

alizarine cyanines; for grey-blue tints, alizarine blue with chrome 

or zinc mordants—the colour being more brilliant, but less stable, 

with the latter; for shades similar to alkali blue, ultramarine and 

a few direct dyes for topping. Finally, there are indigo blue and 

dianisidine blue/which cannot well be combined with the steam 

colours, and are only used for a few special articles. 

Dark brown tints are mostly-produced with alizarine, logwood, 

quercitron, and chrome mordants; medium and light browns with 

catechu—with or without basic dyes and dyewood extracts, or 

with the last named. -In these cases especially an endeavour is 

made to produce the necessary blue tinge by adding potassium 

ferrocyanide to the printing colour. Finally, for brown discharge 

style printings, use is made of manganese bistre, and for single¬ 

colour work, the ice colours. 

Black is produced with logwood and chrome mordant, shaded 

with quercitron; indigo bottoming, noir rtduit, and alizarine black. 

Grey is obtained with logwood, lampblack paste, or with alizarine 

black and chrome mordant. 

Treatment of the Goods when Printed. 

After printing, the goods are passed through a whole series of 

operations, comprising hanging in the oxidation chamber, putting 

through the Mather and Platt, steaming, the tartar emetic bath, the 

chalk bath, chroming, washing and soaping, malting, dung and malt 

baths, bran bath, chemicking (chloring), and dressing. 

Leaving out of^jthe^question the last process of all, which will 

be dealFJwI-tlr^separately later on, the object of the series of after- 

treatments is threefold=^r(l) fixing the colour; (2) purifying and 

enlivening the colours'; (3) cleansing any white that may be 

present. 

In most cases the goods are not fixed at all in the printing- 

process, and could be completely washed off the fabric; con¬ 

sequently the most important operation of these complementary 

processes is that of steaniing, which effects the fixation of the 

colour, and, in the case of mordant dyes, develops and fixes the 

colour lake. The vat dyes and developing dyes alone do not 

require steaming. The oxidation chamber and Mather and Platt 

treatments are preparatory to the steaming process, whilst the 

tartar emetic and chalk baths, and chroming, serve to complete 
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the fixation of the colour in some cases. All the other operations 

are performed with the object of removing the thickening materials 

—since these dull the colours—to cleanse and brighten the, colour(, 

and also thoroughly clean the white from any stains arising from 

the imperfect action of the scraper in the printing press. 

The passage through the oxidation chamber and the Mather 

and Platt are chiefly designed for the elimination of the excess 

of volatile acids contained in the printing colour. If strongly acid 

printing colours were immediately exposed to steaming, the liberated 

acid vapours might injure the colour as well as the goods. Hence 

it is necessary to pass goods that have, for example, been printed 

with sulphocyanides (alizarine red with aluminium sulphocyanide) 

two or three times through the Mather and Platt, or leave them 

two days in the warm oxidation chamber before steaming. At the 

same time these two operations also assist in the gradual formation 

of the colour lake, a consideration not devoid of importance. The 

goods are hung on rods in the oxidation chamber ior about forty- 

eight hours (the hygrometer registering about -32—36°) during 

which time they are turned once, so that the parts at the top take 

up a position at the bottomland vice versa. Frequently, however, 

the oxidation chamber is used merely for drying damp goods. 

The passage through the Mather and Platt is given for the 

same purpose, and is employed more particularly when only a short 

steaming is required. The speed at which the goods are passed 

through the apparatus is usually regulated so that each portion of 

the goods makes a sojourn of one minute thereinXx 

Steaming.—The piece to be steamed is backed with a layer 

of raw cotton, the object of which is to prevent stains arising from 

drops of condensed water, and is wound upon a collapsible frame, 

from which it is then removed—by folding the frame—and hung 

-on a rod mounted on a carriage and caused to rotate by means 

of an attached cog-wheel. A whole series of pieces are hung in 

this way on the said carriage, which is then run along a track 

and introduced into the steaming chamber (Fig. 41). 

This chamber may be cylindrical or quadrangular, and is fitted 

at the bottom with steam admission pipes—perforated with orifices 

directed downwards—and a pipe for ^drawing off the water, a 

horizontal partition being provided near the top of the chamber 

in order to prevent the dripping of condensed moisture. The 

apparatus must be warmed up before the goods are introduced, 

since otherwise the excessive condensation of steam might cause 

the colours to run. With this object the waste pipe is opened 

to run off the condensed water, after which steam is turned on, 

and, as soon as all the water is drawn off, the pipe is shut and 
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the pressure of steam is raised to about half an atmosphere. At 

the end of about ten minutes the steam and water are allowed 

to escape, the door is opened, and the goods entered, whereupon 

the door is shut and steam turned on, without pressure for the 

first few minutes, after which the effluents are closed and steaming 

continued for a half to two and a half hours, either without 

pressure or under a pressure of about half an atmosphere, the 

water of condensation being run off from time to time. Finally, 

steam is shut off, the doors opened, the carriage drawn out, and 

another carriage, loaded with goods, introduced in its place, the 

steaming being then resumed as before. The steamed goods are 
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unwound, separated from the cotton backing, and passed on for 

further treatment. 

The duration of the steaming process and the pressure employed 

therein depend on the dye. Albumin dyes are steamed for a half 

to three-quarters of an hour; tannin dyes for an hour to an hour 

and a half; mordant dyes for one and a half to two hours. When 

several different colours are printed on the same piece, the duration 

of steaming is regulated by the colour that needs to be steamed 

longest. 

Latterly the above method of steaming has been superseded in 

many establishments by a continuous process, the goods being passed 

over a series of guide rollers in a chamber filled with steam. 

The tartar emetic bath is applied only to printings made with 

tannin dyes, the object being to fix them in a thorough manner by 

the formation of antimony tannate. The operation is performed in 

roller becks, through which the goods are passed at such a rate that 

each part only remains in the vessel one minute. The first bath 

contains about 3 parts by weight of tartar emetic and 13-15 

parts of chalk per 1000 of water, the proportions varying according 

to the size of the pattern, and, in some cases, amounting to 20 parts 

and more of tartar emetic. The second bath contains 1J part of 

tartar emetic and the same quantity of chalk. The bath tempera¬ 

ture is about 70° C. The object of the chalk is to neutralise the 

potassium bitartrate produced in the bath, the use of other, soluble, 

alkalis being inadvisable owing to the risk of injuring the colour. 

In order to prevent the dulling of delicate colours by the more 

or less highly coloured bath liquor, the serial order in which the 

pieces are entered is determined by the sensitivity of the colours; 

those found by experience to be most liable to contamination by the 

bath being put through last. 

For the same reason the goods are entered face downwards. 

After the passage of a certain number of pieces, the bath is 

recuperated by adding more tartar emetic and chalk. Old and 

foul baths are either run off or else boiled up along with chalk, 

left to settle, and the clear liquid used over again. 

The chalk bath is used for goods printed with mordanted 

colours, and serves to neutralise the residual acid and thus complete 

the fixation of the colour lake. Just as in the tartar emetic bath, 

the goods are passed through two roller becks, charged with 

1 per cent, of chalk, at a temperature of about 80-90° C., and 

then through a similar vessel containing clean water. The time 

of immersion in the bath is about one minute, and the bath is 

replenished after each piece. Goods that contain tannin dyes in 

addition to mordant dyes do not require to be put through the 
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chalk bath, the excess of chalk always present in the tartar emetic 

bath being sufficient for the purpose. 

Chroming is applied to secure better fixation of some colours 

by oxidation and the formation of a lake. The treatment is applied 

either cold or hot, and the method of performance varies in different 

establishments. One point to be borne in mind is that some dyes 

(e.g. alizarine red) may sustain alteration by the partial formation of 

a chrome lake, and in such case a cold or lukewarm chroming is 

best. The goods are passed through two roller becks, charged with 

a 4 per cent, solution of potassium monochromate, though in some 

instances the first bath alone consists of chromate, the second being 

merely water, which is frequently renewed. Between the two vats 

the goods are subjected to moderate pressure by a pair of squeezing 

rollers. Some articles are treated with chromate in just the same 

way as in steam chemicking (see later). In chroming goods con¬ 

taining alkaline dyes, the bath receives an addition of a little sal- 

ammoniac (1-2 parts per mil.), the influence of the alkali on the 

other colours present being diminished by the formation of ammonia 

or ammonium carbonate. 

The chief purpose of washing is to remove the thickening 

materials present in the printing colour, and the work is performed 

in machines of different construction according to the resisting 

power of the colour. The round washer, similar to that illustrated 

in Fig. 17, except that the upper roller is here replaced by a folding 

polygonal reel, is generally used; or the aforesaid vat can be 

employed, in which case the effect is increased by a beating roller 

mounted on one side. Goods that are very susceptible to the 

influence of washing are either left unwashed or washed without 

rubbing. For this purpose, full-width washing machines have been 

constructed in which the goods are passed through a series of roller 

becks fitted in places with a number of beaters; or the goods are 

made to circulate under water, without rubbing or coming up to the 

surface. To prevent the goods being dirtied by loosened particles 

of dye, it has latterly been proposed to add certain metallic oxides 

(zinc oxide, antimony Qxide) to the washing water. 

Soaping is chiefly resorted to in order to cleanse the white 

portions of the goods and to revivify the colours, an addition of a 

little sodium stannate being often given to the soap bath for this 

latter purpose, especially in the case of alizarine red. 

Marseilles soap is used, and should not contain any free alkali. 

It is inadvisable to introduce the soap in a solid state into the bath, 

owing to the risk of spotting the goods by the adherence of soapy 

particles. A solution of soap is therefore prepared beforehand, and 

a definite quantity is run into the bath for use, the amount depending 
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on the number of pieces and nature of the dye to be treated, the 

usual strength being 3—5 parts of soap per mil. of bath liquor. 

Mostly the goods are soaped in band form for about half an hour 

to an hour, at a temperature of 60—70° C. Soaping considerably 

increases the brightness of alizarine red and alizarine rose, and in 

this case the goods are boiled in the soap bath for one to two 

hours; in fact, occasionally, when heavy patterns of alizarine red 

are in question, they are soaped twice over, or once under pressure 

in a copper retort. Tannin colours, not being so resistent, are often¬ 

times soaped only a quarter to half an hour at medium temperature. 

Should the goods have a considerable surface of white, it is advisable 

to soap in a full-width machine. 

The thickening materials may be eliminated from the printed 

goods in an innocuous manner by treating them with a decoction of 

malt, this being especially suitable for starch thickenings on account 

of the solvent action of malt thereon. 

A still better plan is to use a bath of cow-dung and malt, the 

latter removing the thickening, whilst the decoction of cow-dung 

cleanses the white with less harm to the colour than by soaping. 

This method is applied to multi-coloured upholstery goods after a 

slight soaping, as many as five dunging baths being used. They 

are charged with 5 parts of cow-dung and 6 parts of malt (both 

boiled in water) per mil., and used at a temperature of 35° C. 

After the first two baths the goods are washed. 

Some articles—logwood black in particular—are cleansed with 

bran, by treating them in a hot decoction of this substance once or 

twice over. The solution is prepared by boiling the bagged bran in 

water, at the rate of 11—12 parts per mil. 

Chemicking, or chloring, serves to bleach the white portions of 

the fabric that have been left somewhat muddy looking by the wash¬ 

ing and soaping processes. It is a very important, and in some cases 

indispensable, operation, since a perfect white is one of the best 

qualities of printed goods. There are two methods of application 

—steaming, and the wet process. In the former case the goods 

are passed through a trough containing bleaching powder solution, 

squeezed between rollers, and led into a small wooden steaming 

chest fitted with guide rollers and a false bottom, under which is 

a steam-pipe. On issuing from this chest, the goods are washed by 

a flushing jet and also by passing through a roller beck filled with 

water. 

In the other method the goods are passed, printed side down¬ 

ward, through a pair of rollers, the under one of which is covered 

with flannel, and revolves in a solution of bleaching powder. They 

are then led over drying cylinders. 
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The best strength of bleaching powder solution and the method 

of application, depend entirely on the resisting power of the dyes. 

Usually the density of the solution is only a few tenths of a degree 

B., and it is frequently preferable in the case of very sensitive 

colours to apply a weak solution twice over than to use a stronger 

one once. 

Frequently the chemicking is combined with blueing, a suffusion 

of ultramarine being added to the bleach solution, in which event 

the trough is fitted with a horizontal stirrer in order to prevent the 

ultramarine from settling to the bottom. 

No generally applicable rules can be laid down for these various 

operations, and experience alone must decide which of them is 

suited to the needs of any particular case, and how they shall be 

carried out, in order to produce a beautiful white on the printed 

goods without injury to the colour. Mordant dyes are treated in 

the oxidisation chamber—the Mather and Platt—steamed, chalked, 

washed, soaped, and, if necessary, chemicked. Tannin dyes are put 

through the Mather and Platt, then steamed, entered in a tartar 

emetic bath, washed and soaped with care, and finally chemicked 

(usually by the dry method). Albumin colours are washed with 

the greatest possible care after steaming; acid dyes, on the other 

hand, must not be washed at all. For the most part, these printed 

goods are prepared by the aid of several very different dyes, and 

in such event the treatment is governed by the most sensitive 

of these. 

Even one and the same article cannot always be treated in 

exactly the same manner, consequently the progress of each of the 

prescribed cleansing operations must be watched in every case, and 

an attempt made to correct any defects by employing some operation 

not usually practised, or by repeating one or other of the operations 

already performed. 

Some colours that have suffered during the after-treatment can 

oftentimes be revivified by treatment with Turkey-red oil (see p. 248). 

2. Combined Printing and Dyeing. 

A second method of producing printed fabrics consists in first 

printing with one or more mordants and then dyeing with mordant 

dyes after fixing. Strictly speaking, the articles produced by dis¬ 

charge style or reserve style printing also belong to this category, 

inasmuch as they too result from a combination of printing and 

dyeing; nevertheless, the method of working is so different that a 

separate description is necessary. 



268 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

The principal consideration in tlfe production of combined effects 

being the retention of purity in the white portions of the fabric, the 

operation of oiling previous to dyeing must be omitted, because the 

oil has a fixing action on many of the dyes. 

The suitably thickened mordants must be coloured in order to 

render the printed impression visible, for which purpose they are 

mixed with a dye that will easily wash out afterwards, e.g. a ponceau. 

The mixture generally contains an excess of acetic acid. After 

printing, the mordants are fixed, in the manner described in the 

section on mordants, and then dyed {see Dyeing with Mordant Dyes) 

along with an addition of size (4 oz. of gelatine per piece of about 

sixty yards), which prevents the staining of the white. The 

quantity of dye used depends on the area of the pattern. Bed, 

Bordeaux, violet, brown, and black are chiefly produced in this 

way. 

The mordant used for red consists of aluminium acetate 

mixed with a little tin salt, yellow-tinge alizarine and size being 

employed for dyeing out. The stuff is then washed, oiled, steamed, 

soaped with an addition of sodium stannate, washed, soaped again, 

washed, and dried in the oxidation chamber. In this case the 

white must be cleansed by washing and soaping ^nly, since these 

articles are not chemicked. 

Small patterns in alizarine red are also sometimes produced in 

the same way, notwithstanding the difficulty of cleansing the white. 

This is done because alizarine red always comes out faster and 

brighter when dyed than when printed. 

The other colours are generally produced in the following 

manner:—Bordeaux, with aluminium acetate as mordant, and aliza¬ 

rine (bluish tinge), rubine and size as the dye ; brown, with aluminium 

pyrolignite and iron pyrolignite as mordants, followed by dyeing with 

alizarine and quercitron, under addition of sumach, chalk, and size; 

violet, with iron pyrolignite as mordant, dyed with alizarine (bluish) 

and methyl violet, plus size; black, with iron pyrolignite, aluminium 

pyrolignite and zinc nitrate as mordants, dyed with logwood, 

quercitron, sumach, and size. 

In all these cases, except red. the goods must be chemicked, 

generally by a double dry chemicking, in order to properly cleanse 

the white. Black (mourning) goods are mostly treated with bran 

twice over. 

3. Discharge Style Printing. 

White or coloured effects may be produced by discharging; in 

the former case, the task is merely the destruction or solution of the 

mordant, fixing agent, or the dye itself; in the other, the following 
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alternative is open:—(1) The discharge is printed along with a dye, 

towards which it is inert, and which is afterwards fixed on the 

fabric; (2) a mordant is printed along with the discharge, and the 

colour is produced by a subsequent dyeing. 

Colourless discharges must be tinted before use. Some dis¬ 

charges contain such a large proportion of salts that they must be 

printed warm in order to prevent crystallisation. 

The various methods of discharging may be arranged in three 

classes— 

1. Discharging the mordant. 

2. Discharging the tannin-antimony fixing agent. 

3. Discharging the dye-stuff. &- 

1. Discharging the Mordant. 

The unoiled fabric is padded with a solution of alumina or iron 

mordant and then dried in the cold, to prevent the discharging 

being impeded by a premature fixing of the mordant. 

The discharge is then printed, the goods being afterwards 

passed once or twice through the Mather and Platt—after a small 

sample has been dyed out in order to see how the discharge acts— 

dunged, washed, and dyed. In this process great care is necessary 

to guard against setting-off on the part of the discharge, and for 

this reason the goods must not be laid one upon another until 

thoroughly dry. 

The discharge reagents consist of organic acids; and as oxalic 

and tartaric acid salts are sparingly soluble, ammonium citrate is 

generally used. The presence, however, of large amounts of free 

citric acid causes the discharge to run. In discharging alumina- 

iron mordants or weak iron mordants, an addition of sodium 

bisulphate is made to the discharge ; concentrated iron mordants 

are discharged with citric acid and tin salt. Latterly, however, the 

practice of discharging alumina and iron mordants has been 

abandoned owing to the unreliable character of the operation. 

The modern chrome discharge style is produced in a somewhat 

different manner. The goods are padded with chromium bisulphite, 

dried, printed with a discharge consisting of sodium chlorate and 

potassium bromate, steamed for over an hour, chalked, and dyed. 

Coloured discharges can be produced on alumina mordants by 

means of tannin dyes in various ways. For example, the unoiled 

stuff is first mordanted and fixed, and then printed over with a 

thickened mixture of a tannin dye, with tannin and ammonium 

citrate. It is then steamed, entered in a tartar emetic bath, 

washed, and dyed with alizarine (for red) in association with 
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Turkey-red oil and size. Only a few basic dyes are, however, suit¬ 

able for this purpose, e.g. thioflavine T, Nile blue, and brilliant 

green. 

2. Discharging Antimony Tannate. 

The fabric is tannined, fixed with tartar emetic, and then 

printed with strong caustic soda thickened with roasted starch 

(containing 50 per cent, of 42° B. soda) and qualified with a little 

turpentine to prevent frothing. It is next dried, passed twice 

through the Mather and Platt—which should be charged with dry 

steam—washed several times, and then dyed with a basic dye, the 

white being afterwards cleansed by washing, slight soaping, and 

chemicking. 

3. Discharging the Finished Dye. 

Discharging Vat Blue.—Indigo discharge style is a very im¬ 

portant branch of calico-printing, and enables finer details to be 

produced than is possible by reserve printing. 

Three different discharges may be used for vat blue—(1) chromate 

discharge; (2) chlorate discharge; (3) alkaline discharge. 

The chromate discharge is the most important, and the one 

most in use for colour discharge styles. For the production of a 

white discharge the fabric is printed with a solution of potassium 

bichromate thickened with starch — the quantity of bichromate 

depending on the depth of the blue to be discharged—dried, passed 

through the discharge bath, and well washed. The discharge bath 

is used at a temperature of 45—50° C. and contains 4 per cent, of 

oxalic acid and 5 per cent, of sulphuric acid; the time of exposure 

is a half to one minute. The bath is contained in a small vat, 

through which the goods are drawn by the aid of guide rollers. 

The liquor should be thin in order to thoroughly penetrate the 

material. After leaving this bath, the fabric is washed under a jet 

and by passing through a roller beck filled with water. 

The part played by oxalic acid in discharging is not yet fully 

elucidated; it is, however, a fact that sulphuric acid does not act so 

well in the absence of this acid. The assumption is that an 

unstable oxide is formed, intermediate in composition between 

Cr203 and Cr03, and parts with oxygen more readily than chromic 

acid does. 

One unavoidable defect of this method is that the fabric is 

always more or less strongly corroded in the discharged parts. In 

the case of coloured discharges, however, this defect is absent, since 

it is unnecessary to discharge the whole of the indigo, and there¬ 

fore weaker reagents can be used. The colours chiefly employed 
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are chrome yellow and orange chrome (in paste form), vermilion, 

chrome green, and various ochres. They are thickened with 

albumin for printing, this substance then coagulating in the dis¬ 

charge bath and exerting a fixing action on the dyes. In this case 

neutral potassium chromate must be used as the discharge, since the 

acid salt coagulates the albumin. Vermilion is the least suitable of 

all the above-named pigments because of its high price and the 

readiness with which it rubs off, this tendency varying inversely in 

proportion to the amount of chromate used for discharging. It is 

now frequently used in admixture with insoluble red azo dyes. 

For pale blue discharge a discharging solution is used that is 

too weak to entirely decolorise the indigo, but as the resulting 

colour is too dull to be of any practical value, a little Berlin-blue is 

added to the discharging agent, or the goods are passed through 

pure blue. Finally, the colour may be enlivened by the application 

of a blue dye such as pure blue, methylene blue, etc., in the dressing. 

Of late other oxidising agents, such as sodium chlorate and 

potassium ferricyanide, have come into use, the reaction being 

aided by steaming. In these cases the material does not suffer 

corrosion. To produce fast red and blue articles, the fabric is 

printed with a discharge consisting of sodium bromate, aluminium 

chlorate, potassium iodide, and copper sulphide; then steamed, and 

dyed with alizarine. The function of the potassium iodide is stated 

to be the counteraction of the excess of oxidising agent, which 

could corrode the fabric (?). The copper sulphide acts as a carrier 

of oxygen. 

Potassium ferricyanide forms an admirable discharge for indigo, 

in presence of a strong alkali; the method is, however, confined to 

the production of a bright rose-red with rhodamine, in which case 

all the other colours that may be present are also produced as 

alkaline discharge colours. The colours are printed in association 

with potassium ferricyanide, then dried, and passed through a 

strong solution of caustic soda. 

The discharge of indigo blue with direct dyes has been 

proposed by the Farbenfabriken Fr. Bayer & Co. The vatted fabric 

is printed with a suitable dye (chrysophenine, brilliant geranine, 

etc.), mixed with potassium ferricyanide and magnesium carbonate 

(as the alkali), and then gently steamed for a quarter of an hour. 

The discharge of vat blue with azophore red is proposed by the 

Hoechst Farbwerke for the production of red and blue articles. 

The naphtholised vatted goods are printed with a mixture of 

azophore red, a little caustic soda (to neutralise the acid), and 

sodium bichromate, and then treated in the usual discharge bath for 

vat blue. 
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Turkey-Red Discharge Style.—There are two methods for the 

discharge of Turkey-red—the “ cum dtcolorante ” (decolorising vat), 

introduced by D. Koechlin, and the caustic soda discharge. 

In the first-named and older method, the discharge is effected 

by hypochlorous acid, the dyed goods being printed with a solution 

of tartaric acid thickened with dextrin, then dried and passed 

through a roller beck containing a solution of bleaching powder 

and quicklime. The lime renders the solution alkaline, and thus 

nullifies the action of the bleaching powder on the unprinted 

portions of the goods. The decolorising bath must be tested in 

advance in order to ascertain whether it has been set in a proper 

manner for securing the end in view. It should not be too 

alkaline, or the Berlin-blue here used for the blue discharge will 

be attacked. On issuing from the bath the goods must be squeezed 

and at once immersed in water. 

For yellow, use is made of a mixture of tartaric acid, citric 

acid, lead acetate, and a little nitric acid, with which the goods are 

printed; they are dyed out with lukewarm potassium bichromate 

after passing through the bleaching powder bath. The lime of the 

bleaching bath precipitates lead hydroxide on the printed impres¬ 

sion, which oxide is converted into chrome yellow in the potassium 

bichromate treatment. To complete the process, the goods are finally 

entered in dilute hydrochloric acid and then washed. 

For blue, the fabric is printed with a mixture of tartaric acid, 

oxalic acid, potassium ferrocyanide, and ferrous sulphate. The 

oxidising action of the bleach bath not only discharges the Turkey- 

red, but also develops the Berlin-blue. 

Green is produced by mixing the discharges for red and blue, 

and then treating in the same way as for yellow. 

At the present time the decolorising method is practically 

abandoned, the work being of a too delicate character. Difficulties 

arise in connection with the proper setting of the bleach bath and 

with the printing of the colours, which are strongly acid and loaded 

with pipeclay. The printing is performed on the Perrotine press. 

In the method now practised, the colour lake is dissolved by 

printing it over with a highly concentrated solution of caustic soda, 

followed by steaming. In this case as the ordinary Turkey-red, 

produced by alizarine, is too difficult to discharge, the goods are 

mordanted with sodium aluminate and dyed with llavopurpurine 

and anthrapurpurine. For yellow, the fabric is printed with sodium 

plumbate, and dyed with potassium chromate. Black is produced 

with aniline black; blue, with indigo by the Schlieper and Baum 

method—printing on the goods prepared with grape sugar. The 

after-treatment is as follows:—The goods are exposed to damp 
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steam for one to two minutes, then hung for a day in the warm, 

washed, entered in 6° B. sulphuric acid, washed, dyed with 45° B. 

potassium monochromate, washed, soaped at 45° C., entered in 2° B. 

sulphuric acid, washed, passed through a bath of boiling bichromate, 

and washed again. 

^ The Chrome Discharge Style has latterly attained considerable 

practical importance, but is only applicable to soluble dye-stuffs. 

The goods are padded, for example, with alizarine blue S and a 

chrome mordant, dried, printed with the discharge, and steamed. 

The discharge used consists of potassium ferrocyanide and an alkali, 

or mixtures of chlorates and bromates, as in the indigo discharge 

method. 

For the illumination of the article, and also for parti-coloured 

discharges, the direct dyes have been recommended; but only a few 

of them (e.g. chloramine yellow) are able to withstand the discharge 

reagents employed. 

The discharge of tannin dyeings is now a very important 

process, but is mostly applied to the tannin-antimony fixing agents 

previously brought on to the fibre, and not to the finished dyeing. 

The finished dyeings are discharged by printing with strong 

caustic soda and glucose, or with a mixture of ferrocyanide and 

chlorates, followed by steaming. Only a few tannin dyeings, how¬ 

ever, such as brilliant green, Capri-blue, methyl violet, auramine, 

pyronine, etc., can be discharged really well. 

Discharging Manganese Bistre.—The goods are printed with 

a discharge consisting of tin salt and citric acid, and then hung 

cold until the discharge is complete, after which they are passed 

through a cold chalk bath and washed. For coloured discharges 

use is made of basic dyes—malachite green and methylene blue,— 

as well as mineral pigments and colour lakes. 

The discharging of ice colours in the finished state is a 

matter of considerable difficulty, and is not even yet successfully 

accomplished. 

Becently a tin discharge, said to give good results, has been 

introduced for nitraniline red by H. Schmidt. 

According to a circular of the Hoechst Farbwerke, the bleach 

vat is applicable to the discharge of dianisidine blue; but the 

process is a very difficult one to carry out. The present practice 

for producing discharge effects with ice colours is to employ 

the chemical reserves, which will be described a little lower down. 

Discharging Direct Dyes.—In this case two discharges are 

used, one with tin salts, the other with zinc dust. The former are 

confined to colour discharges, the latter to white. 

Not all the direct dyes are suitable for the production of dis- 

18 
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charge effects, washing fastness being essential as well as sensitivity 

to discharging reagents. All the dyes that will discharge with tin 

salts will do so (generally still better) with zinc dust; and the 

latter will discharge the developing dyes in a satisfactory manner. 

The discharge for white is prepared by grinding zinc dust to a 

very fine state of division, in admixture with a little gum water 

and glycerine, in the indigo mill. It is then mixed with bisulphite 

and soda and cooled, thickened in a suitable manner, and printed 

by the aid of the circular brush. The engraving on the cylinder 

should be as coarse as possible and shallow, to prevent accumulation 

of the zinc dust therein. 

After the printing, the goods are steamed for one hour under a 

pressure of half an atmosphere, then passed through cold 2—3° B. 

sulphuric acid, and finally well washed. 

For coloured discharges, tin salt (stannous chloride) cannot be 

used alone, owing to its corrosive action on the fibre; and if 

neutralised with sodium acetate, does not discharge properly. For 

this reason a mixture of tin salt, tin acetate, and sodium acetate is 

employed, or the two first, along with a little citric acid and acetic 

acid. The dyes used for this style are basic dyes, and are printed 

on the goods in association with tannin and the discharge. After 

printing, the fabric is passed once or twice through the Mather and 

Platt, steamed with dry steam for a half to three-quarters of an 

hour, entered in a tartar emetic bath, and washed. Most of the 

basic dyes, however, are partially decomposed into their leuco- 

compounds by the discharge reagent during the steaming process, 

and, in order to remedy this, it is then necessary to pass the goods 

through a lukewarm solution of potassium chromate and dry on a 

hot drum. 

For colour discharges with direct dyes it has been proposed to 

use certain mordant dyes, such as buckthorn berries, gallocyanine, 

coeruleine, etc., the dye being printed along with tin acetate and a 

chrome mordant. 

The following direct dyes are very suitable for discharging:— 

Diamine yellow, benzazurine, heliotrope, Congo-red, etc. 

4. Reserve Style Printing. 

This term is applied to the process whereby various substances, 

printed on the fabric, are employed to prevent either the absorption 

or development of the colours subsequently applied by padding or 

dyeing. Hence there is no difference in principle between dis¬ 

charging and some reserves which are known as discharge reserves. 

The chief reserve style articles are those with vat blue, tannin 
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dyes, alizarine rose, alizarine violet, ice colours, and aniline 

black. 

Reserve printing under vat blue is perhaps the oldest division 

of this industry ; at present it is mostly produced in the hand- 

press. 

Use is made of a mixture of several substances, the reserving 

action of which is partly mechanical and partly chemical. The 

chief mechanical reserves are pipeclay and fatty bodies, which 

prevent the vat liquor from penetrating the underlying cloth. The 

chemical reserves consist of copper salts for the most part, these 

also preventing the fixation of the indigo on the printed places, 

inasmuch as the indigo blue is oxidised to indigo white if it should 

penetrate into the reserve coating, and is therefore precipitated in 

merely a loosely adherent manner on the reserve. 

After the reserve has been printed, the fabric is well dried, and 

is then dyed by short immersions in strong vat liquors, and finally 

soured and washed without friction. The continuous dyeing process 

cannot be used, since the friction of the guide rollers would dislodge 

the reserve. The foregoing method is applied to the production of 

white reserve patterns. For yellow, the reserve also contains lead 

acetate, and in this case the goods, after dyeing and souring, are 

passed through lime-water to neutralise the acid and treated in a 

warm bath of potassium bichromate at the rate of 11 oz. per piece 

of about sixty yards, whereby yellow lead chromate is formed on 

the printed parts. The same method is followed for green, except 

that the reserve is printed on a slightly blued ground instead of on 

white, so that the resulting chrome yellow combines with the under¬ 

lying blue to form green. 

Reserve with Tannin Dyes.—The method is performed as 

follows:—The unoiled stuff is first printed with a reserve contain¬ 

ing an antimony salt, and dried; the suitably thickened basic dye 

and tannin are next applied, well dried (otherwise the reserve will 

run), steamed under pressure for half an hour, entered in tartar 

emetic, washed with hot water, and finally soaped lukewarm. 

The reserve should contain as much antimony salt as possible; 

and, as tartar emetic is too sparingly soluble in pure water, it must 

be mixed with about its own weight of common salt before dissolving. 

The more readily soluble potassium-antimony oxalate makes a good 

reserve when thickened with dextrin, without any admixture of 

common salt. 

Reserves under Alizarine Rose and Violet. — For the 

production of these very handsome and important articles sodium 

citrate or tartaric acid is printed as a discharge reserve, dried, 

topped with the dye, and steamed. In the subsequent washing, 



276 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

the colour lake is thrown off from the reserved parts of the design 

on which it was unable to fix. 

Reserves under Ice Colours.—The processes under this head¬ 

ing have mostly been developed by the Hoechst Farbwerke. Dis¬ 

charge reserves are employed, and are printed on the goods 

previously prepared with naphthol, then dried, and padded with 

the corresponding diazo solution on one side. The goods are passed 

through a pair of squeezing rollers, the lower of which is slightly 

convex and dips into the slightly thickened diazo solution. 

The white reserve style is attended with great difficulties. 

Nitraniline red is easier to reserve if the Turkey-red oil in the 

naphthol preparation be replaced with tragacanth, though the red 

then comes out too dull and yellowish. The best results are 

obtained with potassium sulphite. For dianisidine blue and the 

a-naphthylamine dyes a good reserve is formed by a mixture of tin 

salt and magnesium chloride. 

Coloured reserves are prepared with tin salt, tartaric acid, and 

citric acid, along with basic dyes, chiefly thioflavine, auramine, 

rhodamine, methyl violet, and brilliant green. The amount of tin 

salt should be small, to protect the reserve colours as far as possible. 

The goods, prepared with naphthol, are printed with the discharge 

reserve, the basic dye and tannin, then dried in the warm oxidation 

chamber or on hot cylinders (to fix the tannin dye), developed with 

the diazo solution, washed, and soaped. 

For the production of the red and blue article two different 

methods are employed. According to the process of the Hoechst 

Farbwerke, the goods, prepared with naphthol, are printed with 

diazotised dianisidine and ammonium persulphate, dried, passed 

through diazotised p-nitraniline to which a little ammonium oxalate 

has been added, and finally washed and soaped in presence of 

ammonium oxalate. The diazotised nitraniline combines with’the 

/3-naphthol to form red, except in those places occupied by the 

dianisidine impression, since the excess of /3-naphthol there has 

been destroyed by the ammonium persulphate. The addition of 

ammonium oxalate to the diazotised nitraniline is for the purpose of 

preventing the browning of the nitraniline red by the copper in the 

dianisidine printing colour. 

In the second method for producing the same article (Tschudi 

& Co.’s patent, transferred to the Farbenfabriken Fr. Bayer & Co.) 

the procedure is reversed, the goods, prepared with naphthol, being 

printed with a mixture of diazotised p-nitraniline and aluminium 

sulphate, dried, and passed through diazotised dianisidine; the latter 

is reserved by the aluminium sulphate, and hence the development 

of the blue is confined to the unprinted portions of the fabric. 
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Reserves under Aniline Black.—This article is one of the 

most important in modern calico-printing. It is produced, by the 

aid of Prudhomme’s black, by first padding the fabric with the 

solution of aniline ferrocyanide, then drying and printing with a 

reserve consisting of sodium acetate, soda, and bisulphite, the black 

being afterwards developed as in ordinary dyeing. The process 

therefore rests on the circumstance that the aniline ferrocyanide 

black does not develop until steamed, and that this can be entirely 

prevented by the aid of alkaline reagents. Sodium aluminate or 

sulphocyanides can also be employed as reserve. 

For the purpose of illumination, use is made of mineral pigments 

and basic dyes, the direct dyes being less suitable by reason of their 

inferior brightness. The mineral colours, as well as various colour 

lakes, are also fixed with albumin. When basic dyes are used, the 

stuff is padded with a solution of aniline ferrocyanide containing 

tannin, then dried, and printed with a mixture of dye, tartar emetic, 

and sodium acetate, the black being developed by steaming. 

The newest process for producing the Prudhomme article con¬ 

sists in printing the stuff with a reserve composed mainly of zinc 

oxide, then drying, and afterwards padding with aniline ferrocyanide 

solution. Compared with the former method, it offers the advan¬ 

tage of rendering it less necessary to print the goods before oxidation 

has had time to commence. 

5. Topping Printing. 

In this method, goods that have already been printed and dried 

are put through the press again and topped with colour, either all 

over or in the form of a pattern. In the former event the colours 

must be in very pale tints, since otherwise the colour of the under¬ 

lying pattern would undergo a too extensive alteration. 

The colours used for complete topping are—alizarine rose, chiefly 

for the alizarine rose article; alizarine violet, for the corresponding 

violet article, white reserve being usual in both cases; further, 

various direct dyes—chloramine yellow, a few diamine yellows, 

chrysamine, chloramine brown, brilliant geranine, diamine pure blue, 

diamine violet, etc. For the most part these are applied along with 

the dressing, and not in the press. 

A further application of the same process is when it is desired 

to dye fabric on the one side only, in which event the stuff is 

printed with a thickened mordant solution, fixed, and dyed. 

The object served by topping a design is either the production 

of a mixed shade by the superposition of two dyes, or else the 

discharge of the topping colour on the parts already coloured. In 
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the latter case the ground colour must contain an addition of a 

reserve for the topping colour. 

Although the method enables the production of some very 

special effects, it is cumbrous and tedious, especially when several 

colours have to be Applied. The ground and topping colours can¬ 

not be applied at the same time, since they would come together 

in a wet state, and thus produce a mixture of an unanticipated 

character, or else run. According to Casanova, however, this 

simplified method of the topping process becomes possible if an 

addition of turpentine be made to the printing colours. 

Wool-Printing. 

It is only of late that wool-printing has been practised to any 

great extent, and it is still far from being as important an industry 

as that of calico-printing. 

The material to be printed must be carefully cleansed. Fine 

goods and yarns are also first bleached, an operation now performed 

exclusively with hydrogen peroxide and bisulphite. {See Wool- 

Bleaching). 

At an early period it was observed by J. Mercer that in printing 

half-woollens the dye was very imperfectly taken up by the wool. 

This he attributed to the reducing action of the wool, probably in 

consequence of the liberation o£fthe contained sulphur, in the form 

of sulphuretted hydrogen or sulphurous acid, by steaming. Con¬ 

sequently he recommended that the wool should be prepared by 

chemicking, a method that is still generally practised. 

Most dyes show up much fuller on chemicked wool, though 

the operation must be performed with great care, or the wool will 

become yellow and rough. In the case of combed sliver especially, 

the chemicking must be very slight, since otherwise the spinning 

and fulling properties of the fibre will be affected. In this case 

it is better to insufficiently chemick the wool, and to add a little 

sodium chlorate, as oxidising agent, in preparing the printing colour 

from dyes that are sensitive to the action of reducing agents, e.g. 
azo dyes. For eosines no chemicking is necessary. 

A second method of preparing the wool consists in precipitating 

stannic acid on the fibre, a treatment that increases the brightness 

of most printing colours, and also fixes some of them (the eosines, 

for instance) better. 

As in the production of multi-coloured articles the most diver¬ 

gent dye-stuffs are used, it is customary to employ both preparations 

in the case of finer goods. In such event the goods are damped 

and padded twice with a 3^-° B. solution of sodium stannate, after 
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which they are left covered up for some time, and then passed 

through 2° B. sulphuric acid, to fix the tannic acid, followed by 

immersion in a solution containing 4 per cent, by volume of 3° B. 

sodium hypochlorite and 0*43 per cent, of 66° B. sulphuric acid 

(this being less likely to yellow the wool than bleaching powder 

and hydrochloric acid). The chemicking bath must be kept re¬ 

plenished by a constant influx of a more concentrated solution, 

since otherwise the first portions of the goods would be more 

strongly chemicked than the rest. 

Hand and cylinder presses are used for printing, as in the case 

of cottons; common and very wide goods are printed by hand, wool 

muslins and similar fine goods by the cylinder press. The cylinders 

must be deeply engraved, and a very elastic pressure secured by the 

use of thick soft blanket on the backing rollers. The printed goods 

should be dried very gently. 

The dyes used in wool-printing are in general the same as for 

dyeing this fibre—chiefly acid dyes; and dextrin British gum, and 

gum, are used for thickening. The printing colours are almost 

invariably prepared with an addition of an organic acid, chiefly 

acetic acid, though in some cases tartaric acid or oxalic acid is 

preferable. For light tints and dyes that equalise with difficulty, 

it is advisable to employ slightly ammoniacal printing colours. 

When the colours are required to remain slightly moist after 

drying, a little glycerine (5—8 oz. per gallon) should be added 

to the printing colour. 

Printing is succeeded by steaming, which fixes the colour. 

This operation must in this instance be performed damp, since the 

majority of printing colours on wool do not develop properly under 

dry steaming; on the other hand, excessive moisture is injurious, 

since it makes the colours run. Consequently, in order to ensure 

correct results, the steaming must be effected in presence of a pre¬ 

determined and readily controllable quantity of moisture, a condition 

fulfilled by enveloping the goods in cotton cloths previously im¬ 

pregnated with a definite quantity of water .(10-20 per cent, of 

their own weight) by padding or sprinkling. This weight can be 

ascertained by weighing these backing cloths before and after 

damping. Steaming is continued for an hour to an hour and a 

half, according to the dye, and mostly without pressure. A careful 

washing follows, in order to prevent the soiling of the white by 

the dye; finally, the stuff is slightly dressed with gum, glycerine, 

or starch. 

Wool-printing is therefore a far easier operation, and one 

presenting fewer technical difficulties, than calico-printing; in fact, 

the now so popular discharge printing is the only difficult form. 
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In this case the chief question is, which of the dyes are suitable for 

discharging, and which capable of properly resisting the action of 

the discharge reagents. 

As in discharging the direct dyes on cotton, coloured discharges 

are here effected with tin salt, and white discharges with zinc dust 

and bisulphite. 

Most of the azo dyes discharge well, though here, as in the direct 

dyes on cotton, there exist difficulties that have not yet been over¬ 

come. 

The dyes best resisting the discharging action of tin salt, and 

therefore constituting the most suitable dyes for coloured discharge 

style, are—the majority of the basic dyes, the eosines, and the acid 

dyes of the triphenylmethane series. 

The colour discharges contain 10-20 per cent, and upwards of 

tin salt, and about 5 per cent, of sodium acetate. After printing, 

the goods are steamed for an hour without pressure. The discharge 

dyes develop best on wool that has been chemicked and prepared 

with tin. The amount of tin salt depends chiefly on the sensitivity 

of the dye in question, but also on another circumstance, viz. that 

in some instances it is not necessary to fully discharge the dye. 

For example, when a naphthol black dyeing is printed over with a 

blue discharge containing about 15 per cent, of tin salt, and is 

afterwards steamed, a sufficiently pure discharge blue is obtained; 

on the other hand, for an equally good discharge red, 20 per cent, 

of tin salt is necessary. 

For white discharges, the discharge must contain about 40 per 

cent, of tin salt, and the goods must be damp steamed for ten 

minutes. However, as it is impossible to produce a pure white in 

this way, recourse , must be had to the second discharge reagent, 

prepared with zinc dust, bisulphite, and a little soda and glycerine, 

the reaction being completed by steaming for an hour without 

pressure. 

Silk-Printing. 

The same methods and printing colours are used for printing- 

silk as in the case of wool, except that no preparation of the fabric 

is necessary, and that dry steaming is practised. After steaming, 

the goods are for the most part only carefully washed, the colours 

revivified as'in dyeing, and given a slight dressing. 

In this case also an important part is played by discharge 

printing with the same discharges; in contrast, however, to wool, 

a number of effects can be produced on silk by 'reserve printing 

(with fatty reserves) and dyeing. 
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Printing Yarns, Warps, and Combed Sliver. 

The printing of yarns is a comparatively young industry, but 

one that is constantly increasing in importance on account of the 

possibility of producing a variety of patterns by weaving the partly 

coloured yarns. Formerly it was the practice to tie the yarn 

together and dye it at intervals of its length, and subsequently 

the hand-press was employed for this class of printing; but at 

present the work is done exclusively on printing frames of special 

construction. 

The printing of combed sliver is termed “ Vigoureux printing,” 

and has latterly come very much to the front. The printed sliver 

is used for the production of mixtures, to which it imparts a very 

uniform appearance. 

The composition and method of fixing tl^e printing colours are, 

in the main, the same as in cloth-printing. 
/ 



CHAPTER VI 

DRESSING AND FINISHING 

The operations of dressing and finishing comprise all the treatments 
employed to impart to the fabric the special feel and appearance 
likely to render it most attractive to the purchaser. 

The number of methods employed in the finishing of fabrics is 
almost beyond count; they may, however, be all classed under two 
heads— 

1. By impregnating the material with various substances; 
2. By subjecting it to a small number of mechanical operations, 

which, however, are performed in very different modifications. 
The finishing of fabrics almost entirely belongs to the domain of 

mechanical technology, its practical performance being only in a 
very few instances (such as calico-printing) the task of the chemist. 
Nevertheless a certain degree of acquaintance with this branch 
of the subject is necessary to the dyer’s chemist, on the one hand 
as supplementing his special knowledge, and, on the other, to enable 
him to detect many defects that may arise in the course of the 
various operations coming under the head of the finishing process, 
which he would otherwise be unable to do. 

Finishing may in part precede dyeing, in which event the first 
part of the process will be the task of the dyer, whereas the 
remainder is frequently performed in special establishments—“ the 
finisher’s.” 

In the cotton industry the term finishing applies exclusively to 
the concluding stages of manufacture. 

The complete description of this entire process in all its many 
ramifications can only be given in a work specially devoted to the 
subject; and the author will therefore confine himself in the 
following to the means employed in this stage of the manufacture. 

The substances used in the finishing process are— 
1. Such as are intended to render the material hard and stiff. 

These comprise chiefly the various starches—wheat, potato, rice, and 
maize starch; also several starch derivatives, such as dextrin and 
apparatine; furthermore, gum, tragacanth, size, vegetable mucilage, 
decoctions of lichens and algse, etc. 
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Of these materials the most frequently used are wheat starch, 

potato starch, and dextrin. The softest dressing is furnished by 

dextrin, next in order coming potato starch. 

Apparatine is a product prepared by treating starch with caustic 

soda in the cold, the excess of alkali being neutralised with an acid 

after the reaction has continued for about two hours. Appartine 

imparts greater stiffness to the material and is less easily washed 

out than any other dressing. 

2. Fatty substances, such as tallow, stearin, paraffin, waxes, 

oils, Turkey-red oil, etc., to render the stuff soft and glossy. 

3. Hygroscopic and softening materials, to diminish the stiff¬ 

ness of starched goods,such as glycerine, magnesium chloride, zinc salts, 

ammonia salts, etc. Too much of these adjuncts must not be used, 

or the cloth will become wet and flaccid on exposure to damp air. 

4. Loading Ingredients.— China clay (a fine white clay), 

kaolin, insoluble salts of lime and baryta, etc. 

5. Colouring for the Dressing Preparations.—Chief of these is 

ultramarine, which is so largely used in “ blueing ” cottons and 

linens, its object being to convert the yellowish tinge of the goods 

into a more or less pure white. In printed goods the selection of 

the correct shade of ultramarine is a matter of some moment, since 

here the degree of whiteness may vary. Some of the ingredients 

used in the dressing (e.g. China clay) absorb ultramarine, the shade 

of which is then modified accordingly. 

Ultramarine is difficult to moisten with water, and should 

therefore be mixed to a paste with a little alcohol. Dressing pre¬ 

parations containing this colour should not be kept long or they 

may turn sour, to the detriment of the ultramarine, which is 

sensitive to acids. To impart a strong blueing to any fabric, it is 

better to apply a weak ultramarine dressing two or three times 

over than to treat once with a stronger preparation. 

Other colouring matters employed in dressing preparations are 

Berlin-blue, ochres, direct dyes, basic dyes, etc., either to impart 

a given shade of colour to a white or printed surface, or else to 

prevent the colours being dimmed by a superimposed white 

dressing. 

6. Metals or their sulphides, in the state of fine powder, for 

the purpose of producing a metallic lustre. They are prepared by 

heating the metallic sulphides with fatty substances or by mixing 

different metal powders, and can be purchased ready for use. They 

are applied to the fabric by dusting or printing. 

7. Waterproofing is effected by the application of fatty bodies, 

caoutchouc solution, salts of alumina or magnesia, etc., either 

together or separately. The most important process is the water- 
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proofing of woollen goods, which is generally effected by first im¬ 

pregnating the material with a 2—3° B. solution of aluminium 

acetate and then passing through steam containing an admixture 

of fatty substances. 

8. Fireproofing, or at least non-inflammability, is secured by 

applying to the stuff a considerable quantity of various salts, such 

as borax, ammonium phosphate, salts of magnesia, silicates, tung¬ 

states, etc. The last-named salts, sodium tungstate in particular, 

are said to give the best results. 

9. Antiseptics for the Prevention of Mould.—The majority of 

the means proposed for this purpose are no use, e.g. tannin, camphor, 

oxalic acid, boric acid, etc.; the most efficacious are zinc chloride, 

zinc sulphate, and salicylic acid. 

The dressing preparations are compounded with the assistance 

of the ingredients specified above. Sometimes they contain only 

a single ingredient, e.g. a starch, dextrin, gum, size, Turkey-red oil. 

etc., applied in the form of a solution or paste; mostly, however, 

several are employed together, e.g. wheat starch and potato starch, 

or starch and fat, or hygroscopic substances. The number of 

ingredients may amount to as many as ten, which are mixed 

together and boiled in the same class of pan as that already 

described for starch thickening; the product is passed through a 

strainer. 

In most cases the finishing process is not completed by the 

application of the dressing preparation to the goods, a further 

mechanical treatment being required to impart the desired feel and 

appearance to the stuff. 

Dressing preparations are confined almost exclusively to cottons 

and linens, the finishing of woollen and silk goods being usually 

effected without the aid of these preparations, and merely by 

mechanical treatment; and even where used at all on these latter 

goods these dressings are of very simple constitution. Solutions of 

gum, dextrin, or tragacanth are used for silks, and solutions of gum, 

size, vegetable mucilage, magnesium chloride, etc., for woollens. 

The application of the dressing preparation is in nearly all cases 

made to the back of the fabric, and is performed in different ways, 
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according as the quantity used is great or small. This method 

of working is particularly advantageous in the case of printed 

goods since otherwise the printed colours would be dimmed by 

the dressing. 

The simplest way is to pass the goods, face upwards, between a 

pair of rollers, the under one of which is covered with a layer of 

cotton and dips into a trough containing the dressing preparation 

(Fig. 42, a); the heavier the pressure applied *to the rollers the 

smaller the 4 quantity of dressing that will be left in the fabric, and 

the farther will it be forced into the material. Another way is to 

arrange below the pressure rollers a third, which dips into the 

dressing and distributes it on to the under roller of the pair (b jn 

Fig. 42). For conveying still smaller quantities of dressing prepara¬ 

tion on to the fabric, use is made of a stippled under roller, fitted 

with a scraper (c in Fig. 42). When the dressing is to be pressed 

as little as possible into the substance of the fabric, the arrangement 

shown in d, Fig. 42, is employed. 

Finally, to apply the dressing equally to both sides, the stuff 

itself is passed through the preparation and is then squeezed between 

a pair of rollers. 

Where, as in the case of thin preparations containing ultra- 

marine, there is a likelihood of the ingredients becoming separated, 

a stirring device is provided in the trough; the latter can also be 

heated in case the application of hot dressings is advisable. 

Sometimes, in the case of woollen or silk goods, the dressing is 

applied with a sponge to the back of the stuff stretched taut in a 

frame. 

After applying the dressing, the next step is to dry it, for which 

purpose use is made of the cylinder drying machine (in the case of 
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cottons and linens), i.e. a number of heated metal cylinders, gener¬ 

ally arranged in two rows, as shown in Fig. 43. 

When it is desired that only one side of the material should 

come into contact with the heated cylinders, these of the lower row 

are replaced by unheated wooden rollers. This class of drying 

machine is employed also for drying goods that have not been 

dressed. In some cases a single large drying cylinder is used, or 

the goods may be dried on frames (see below) or in the air (silks 

and woollens). 

Frequently the necessity arises for straightening out the goods 

and stretching them out to their proper width. In such event the 

drying is effected on the tenting frame, of which there are several 

modifications. They may, however, all be divided into two main 

types—the circular frame, consisting of a large drying cylinder, 

fitted on both sides with adjustable stretchers, and the ordinary 

horizontal tentering frame, wherein the fabric is conducted 

over steam plates and hot pipes by means of two hooked 

endless chains. The stretching device can be adjusted to agree 

with the desired breadth of the fabric under treatment. There 

are also stationary tentering frames, in which the cloth is held 

on the stretch, without motion ; these are chiefly used for light 

cotton fabrics, muslins, tarlatans, etc., and consist of wooden 

frames, the sides of which are movable, and are provided with 

clamps for holding the fabric. The latter, when treated with 

the dressing preparation, is stretched in the frame, which is of 

the same length as the piece of cloth; it is then stretched to the 

desired extent, and left to dry in the frame. Similar frames 

are also used for woollens and silks. Sometimes the sides of the 

tentering frame are provided with an alternating reciprocal move¬ 

ment, so that the material can be kept moving to and fro whilst 

drying, in order to distribute the dressing preparation embedded 

between the individual threads of the fabric, and thus impart a 

greater uniformity of appearance to the whole. 

In finishing cotton goods, the following operations are employed, 

in addition to those already mentioned :—Damping, gassing, shearing, 

raising, calendering, mangling, beating, moireing, stamping, folding, 

lapping, measuring, and pressing. Of these processes two are 

employed at a much earlier stage than the rest; gassing before 

bleaching, and shearing after bleaching is completed. 

Shearing is performed in order to remove coarse irregularities, 

loose ends, naps, etc., and is an indispensable operation in the case 

of printed fabrics, since these irregularities would spoil the im¬ 

pression, by preventing the access of the colour to the underlying 

body of the fabric, and thus leaving white marks in the pattern on 
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the subsequent removal of the loose ends and naps. Various forms 

of shearing machine are employed, the cutting being usually effected 

by a revolving cylinder, carrying a number of spiral steel blades, 

working against a fixed horizontal knife. The fabric is first passed 

over brushes which raise up the loose ends, fibres, etc., into position 

for removal by the cutting mechanism. Usually these machines 

are fitted with two sets of cutters and several brushes, to enable the 

stuff to be shorn on both sides. 

After leaving the shearing machine, the pieces are opened and 

brushed, to remove the cut fly, and are then finished—if to be left 

white—or dyed, printed, etc. 

Damping follows starching and drying, in order to fit the goods 

for the subsequent treatment, the fibres lacking the requisite flexi¬ 

bility when dry. The damping machine employed for this purpose 

consists chiefly of a quick¬ 

running brush, partly im¬ 

mersed in a trough of water, 

which is thus discharged, in 

the form of a fine spray, on 

to the goods as they are 

drawn by. A screen of fine 

gauze is interposed between 

the brush and the goods in 

order to keep hack large drops 

of water, which would other¬ 

wise render the damping 

irregular. 

Goods intended for stiff 

finish are not put through any 

further finishing process, pro¬ 

perly so called; but those 

required to exhibit softness 

and lustre are next calendered. 

The calendering machines 

used, for the most part, consist 

of three superimposed rollers, 

subjected to heavy pressure, the middle roller being of steel, the other 

two being made of paper (Fig. 44), by pressing a number of layers 

of very good class paper upon steel cores. The use of steel rollers 

throughout would be calculated to damage the fibre under the heavy 

pressures employed. According to the effect desired, the goods in 

the calender may be fed either between two of the cylinders or all 

three. This treatment breaks up the cohesion of the dressing 

• preparation, and imparts softness and gloss to the fabric. Hot 
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calendering gives a better gloss, and therefore the steel cylinder is 

provided with a steam-heating arrangement. To obtain the highest 

degree of gloss, the goods are put through the friction calender, 

which has two steel cylinders and an intermediate paper one, the 

friction being produced by running one of the steel cylinders faster 

than the other. The effect is sometimes heightened by giving the 

steel cylinder a lateral motion as well. If a single passage through 

the machine does not produce the desired result the operation is , 

repeated. Calendering machines are now made with a larger number 

of rollers (up to six). 

The action of the calender greatly depends on the nature of the 

dressing preparation employed. Thus, if the fabric be dressed 

merely with wheat starch, it cannot be raised to any special degree 

of softness and gloss by repeated calendering, the operation being 

therefore restricted to crushing the dressing. For glossy finish, use 

is made of fats, waxes, stearin, etc. 

Sometimes unstarched goods are calendered, the object being to 

make them denser in texture, in order to retard the penetration of 

the printing colour or the subsequently applied dressing preparation. 

A process similar to calendering is that of mangling. Box- 

mangles are generally used, consisting of rectangular wooden boxes 

(Fig. 45) filled with stones and lumps of old iron, and run to and 

fro over a couple of rollers, on which the fabric to be mangled is 

wound tightly and without creasing. The goods must be damped 

in a perfectly uniform manner, since otherwise the fabric might 

become weakened under the enormous pressure applied. According 

to the finish in view, the rollers are large or small, and made of 

wood or metal,—large wooden rollers furnishing the best gloss of all. 

As a rule, the goods are left in the mangle during four to six 

double traverses of the weighted box. 
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Beetling is a stamping process which produces an atlas-like 

gloss. The goods are wound on a wooden roller, covered with 

calico and situated underneath a row of wooden stamps actuated 

by lifting cams (Fig. 46). There are usually two pieces in a 

length, and three lengths side by side on each roller. 

In the section shown in the drawing, the lifting cams are 

represented by b, and are mounted, spirally, on the shaft a ; c is 

one of the wooden stamps; e is the full roller in the machine; d, 

one that is finished, and /, one filled with cloth ready for insertion 

in the machine. 

The rollers revolve at slow speed, and at the same time are 

Fig. 46. 

moved to and fro longitudinally. After being beetled for about 

half an hour, the goods are taken out, wound on another similar 

roller, and put through the same treatment over again. 

In the new Mather and Platt beetles, the wooden stamps are 

fastened to metallic springs and are much more productive than 

the older form. They have not yet, however, been able to entirely 

displace the older machines, the latter furnishing better results in 

point of quality. 

Some fabrics are moired or stamped. 

Moire or watered effects are optical effects produced by com¬ 

pressing some parts of the threads flat, and leaving the remainder 

19 
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in their natural condition, thus producing the impression of a 

pattern. 

Various methods are employed for this purpose— 

1. By running the fabric double through the calender; 

2. By mangling; 

3. By calendering between two rollers, one of which is smooth, 

the other engraved with a large number of mutually intersecting 

lines; a lateral movement is also imparted during the rotation; 

4. The fabric is subjected to the action of an engraved roller 

bearing a moire design. 

Soft fabrics alone are suitable for this process, and consequently 

fatty dressing preparations are employed. 

Stamping consists in producing a raised design by the aid of 

an engraved roller, and can therefore only be practised on soft 

finish goods. A three-cylinder calender is employed, the middle 

one being of metal and engraved, the two others of paper. 

Some goods finished with fatty dressings are also lustred or 

glossed by ironing with a steel iron. 

The final operations in finishing cotton goods consist of folding, 

lapping, measuring, and pressing, each effected by the aid of special 

appliances. Pressing, the object of which is to reduce bulk, is 

mostly performed in hydraulic presses where a large number of 

pieces, arranged side by side and piled one row on another, and 

separated by plates of zinc or boards, are treated at one operation. 

The selection and performance of the foregoing operations in 

the finishing process depend on the quality of the goods, and may 

differ considerably. Some white goods are not dressed at all, but 

are simply damped and calendered hot (so-called “ natural finish ”). 

Hard finish is produced by merely starching and drying, and “ half 

smooth ” finish by a second calendering, etc. 

Baised goods (flannels, fustian, calmuck, etc.) require a special 

treatment to produce a soft nap or pile on one or both sides of the 

stuff. This is effected in the raising machine, which mainly con¬ 

sists of horizontal cylinders arranged in a semicircle and fitted 

with a number of steel points. One part of the set is moved in 

one direction, the rest in the opposite direction. The goods to be 

raised must be perfectly dry. Raising is applied to both white 

and coloured or printed goods; in the latter cases the raising may 

be effected before or after dyeing or printing. 

Raised cotton goods of this kind serve as cheap imitations of 

woollen goods. 

Linens are finished in just the same manner as cottons. In 

this class of goods the beetling process plays a very important part, 
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and imparts to these fabrics their highly prized gloss. Linens are 

not put through the raising process. 

Hemp and jute goods are generally calendered under heavy 

pressure, in order to press the threads out flat, and thus give the 

fabric a closer appearance. 

The finishing of silk goods resembles that of cottons, inasmuch 

as the same operations, or nearly so, are employed in both cases. 

However, as stated in the introduction, silken fabrics are rarely 

stiffened with dressing preparations; and these, when used at all, 

are of very simple constitution, containing nothing but gum, dextrin, 

or size. 

Each separate quality and kind of fabric requires special 

treatment. As a rule, the fabric, on leaving the loom, is cleaned 

by means of steel roller brushes, then shorn or gassed, rubbed with 

smoothly polished steel plates to straighten out the threads, and 

eventually coated, while in a stretched condition, with dressing 

preparation, applied on the back; then dried and pressed or 

calendered. Properly woven silk goods are mostly only warm 

pressed after the projecting fibres have been removed and the 

threads straightened out and stopped. The pressing is effected 

either in the press, with hot plates, or in the calender. The finest 

silks are merely smoothened by cold pressing. These fabrics are 

neither raised, beetled, nor mangled. 

Finishing Woollens.—Woollen fabrics are put through a more 

complex finishing process than any other kind of textile goods. 

The methods employed depend on whether the fabric belongs to 

the woollen or the worsted class. In either case a large number 

of operations have to be gone through, according to the quality, 

etc., and these consist of various mechanical treatments, the applica¬ 

tion of dressing preparations being seldom resorted to. 

Of the operations already described, those of beetling, mangling, 

moireing, and relief-stamping are never applied to woollens; and 

the other processes of tenting, shearing, raising, and pressing are 

performed in a different manner from that practised in the case 

of cottons. 

Shearing is effected in special shearing machines. Eaising is 

an important operation, especially in the case of woollen cloths, 

and is performed with card clothing nailed on wooden rollers, a 

series of these rollers, arranged in a semicircle, forming the principal 

feature of the raising machine. Dull carding pins are employed 

in the first stage, in order to bring up the nap slowly, with a 

minimum of injury to the felt, and develop the pile in a gradual 

manner. Subsequently sharper pins are used to stroke out the 
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pile, smoothly and in one direction, on the surface of the 

cloth. 

The fabric must be raised in a damp state, since when dry 

the fibres are not sufficiently supple, and are liable to injury during 

the process. On the other hand, the fabric must not be too wet, 

or the carding pins will become too soft. The longer the cloth is 

raised in a semi-wet state, the better the gloss and the more 

firmly will the nap be stroked down on the surface. 

Pressing is a far more important operation in the finishing 

of woollen goods than in any other fabrics, and is performed in 

a special manner for each different class of material. Hot pressing 

alone is given, since it is only by heat (or moisture) that the 

wool hairs are rendered flexible. Hydraulic presses are generally 

used, the goods being piled up, a number of pieces together, with 

hot metal sheets between each two pieces, and layers of millboard 

between the separate folds of the cloth. The modifications of this 

operation consist in differences of duration and degree of pressure 

applied, the greatest lustre being obtained by prolonged exposure 

to heavy pressure. To produce high lustre the cloth is pressed 

several times under heavy pressure and for some hours at a time, 

being often left in the press all night. The pressure is applied 

lightly at first and increased afterwards. Some woollens are pressed 

for only a few minutes, the object in such cases being merely to 

smooth them out without producing any lustre. 

A variety of continuous pressing, usually employed as a pre¬ 

paration for the actual process, is effected on the trough press, a 

machine consisting of a trough-shaped metal plate in which a metal 

cylinder slowly revolves, both being heated. The fabric passes 

slowly between the cylinder and the plate, and is thereby gently 

pressed and smoothed. 

The finishing of woollens also comprises three operations that 

are unknown in the finishing of other fabrics, viz. steaming, crabbing, 

and fulling or milling. 

The steaming process is also known as “ decatiring,” from an old 

French word meaning to deprive of lustre, though, as a matter of 

fact, this sense of the word is only applicable to one modification of 

the process, namely, the removal of the greasy lustre produced on 

woollen cloth by pressing, the pile of the cloth being caused to stand 

up a little by passing the fabric over an arched plate of perforated 

metal through which a current of steam is being passed. 

In the process of steaming, properly so-called, the fabric is 

wound tightly around a perforated metal cylinder, through the axis 

of which steam is admitted to the interior. The steam renders the 

pile soft and plastic, and fixes it in the position it has been caused 
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to assume by the mutual pressure of the superimposed layers of 

cloth. The more tightly the stuff has been wound on the cylinder 

and the longer it is steamed, the greater the resulting lustre. 

Some articles are steamed for a long time, and then left to cool 

down before being unrolled from the cylinder; others, again, are 

steamed for only a few minutes, and immediately unwound; from 

which it is evident that, like pressing, this operation can be per¬ 

formed in a variety of ways. 

In other cases, again, the goods on the steaming cylinder are 

immersed in a vat or chest into which steam is admitted, i.e. steam 

is applied to both sides of the goods at once. 

Crabbing is a mild form of steaming applied chiefly to half¬ 

wool goods. In this operation the goods are more or less tightly 

wound on a roller, which revolves in a vessel of hot water. This 

treatment softens the pile and fixes it in its existing position, with 

the result that the subsequent displacement likely to occur, owing 

to different degrees of hygroscopicity in the fibres of these mixed 

fabrics, is retarded. 

Fulling or milling is principally employed in the production of 

woollen cloth, and is an operation based on the felting capacity of 

wool fibre. In performing this treatment, the woollen fabric is 

fastened end for end like a sack, and impregnated with a solution of 

soap in a fulling mill (see Fig. 47), where it is left for some 

considerable time. 

The fulling mill consists chiefly of two adjustable rollers, 

av a2, through which the material is passed in its full breadth; c1} c2, 
are the real milling rollers; d is a conduit in which the goods are 

pressed into folds; e is the flap closing the outlet of same, and / the 

spring acting on this flap. 

Fig. 47 also shows the feed conduit, b; the band of cloth, g; 

a perforated board, h, which tips up when a knot occurs in the 

band, and thus stops the machine; i is a flap through which the 

fulling liquor is introduced, and k is the door. 

The effect of the milling process is in direct relation to the 

length of exposure, and also depends on the setting of the aforesaid 

rollers. Thus, for example, a piece of cloth 50 yards long can be 

milled until the length has shrunk to 30 yards; again, military 

blankets can be shrunk from their original dimensions of 11J ft. by 

82 ft. to 5 ft. by 65 ft. in about four hours. 

Slight milling is also applied to some worsted fabrics, and even 

to mixed fabrics, special effects being often produced by this 

means. 

The process known as “ impregnation ” is often combined with 

milling, and consists of incorporating shorn hairs with the fabric 



294 CHEMICAL TECHNOLOGY OF TEXTILE FIBRES 

by adding to the latter in the fulling mill as much as 20-25 per 

cent., and sometimes up to 70—80 per cent., of its own weight of 

the pile hairs obtained by shearing the cloth. These are applied to 

the underside of the material, with which they become incorporated, 

thanks to the felting property of the fibres. 

Much has been written and discussed of late respecting the 

acid process of milling, wherein the soap solution is replaced by 

sulphuric acid. Up to the present, however, the method has only 

given good results in the manufacture of felt. 

Finally, a process of curling is employed, chiefly for the 

purpose of imparting a curly appearance to the surface of winter 

overcoatings. In this process a plate, fitted with a brush, is pressed 

on the damped cloth, and set in motion in various ways, mostly 

rotatory, the motion influencing the style of curl produced. 

The complex character of the finishing process applied to 

woollen fabrics may be gathered from the following summary of the 

operations comprised in two very common modes of finishing:— 

1. A smooth, so-called “ Oriental ” cloth, on issuing from the 

loom, is first washed with soda, then milled, carbonised, raised twice, 

tented, shorn, passed through the trough press, pressed in the 

hydraulic press, and steamed. Up to this point it is immaterial 

whether the stuff has been dyed in the wool or will be in the piece; 

but from this stage onward their treatment is different, piece-dyed 
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goods being then dyed, washed, dried on the tenting frame, shorn, 

and (generally) pressed thrice. Wool-dyed goods are damped, raised, 

shorn, pressed, steamed, and pressed twice. 

2. Worsteds are mostly nepped, washed with soap and soda, 

dried, gassed, brushed, gassed, damped, steamed, tented, dyed, washed, 

crabbed, tented, shorn, pressed, steamed, and pressed again. 

THE END 

[INDEX 
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Compiled by Miss Grace Greenwood, B.A. Lond. 

Acetic acid, 141, 169, 249, 259, 268. 
Acetine, 255. 

blue, 255. 
Acid black, 216. 

brown, 210. 
dyes, 267, 280. 
dye-stuffs, 138, 260. 
for scarlet, 161. 
green, 138, 210, 223. 
green, extra concentrated, 223, 224. 
mordants, 115. 
orange, 215. 
process of milling, 294. 
soaps, 123. 
spotting, 41. 
stains in carbonising, 94. 
violet, 138, 158, 210. 
violet N, 223. 
violet 6BN, 223, 224. 

Acridine, 143. 
Adjective dyes, 154. 
African giant hemp, 16. 
“After-chroming,” 146, 157. 
Agave fibre, 2. 
Albumin, 249, 269, 271, 277. 

dyes, 2, 200, 264. 
dye-stuffs, 256. 

Alizarine, 96, 162, 171, 175, 212, 260, 264, 
268, 269, 271. 

black, 159, 167, 216, 254, 261. 
blue, 155, 190, 254, 261. 
blue S, 273. 
blue-black B, 216. 
Bordeaux, 254. 
cyanine, 190. 
cyanine 3G, 216. 
cyanine black G, 216. 
drab, 215. 
dyes, 155. 
orange, 102, 155, 167, 210, 216, 218, 

254, 260. 
red, 102, 112, 155, 167, 210, 216, 248, 

265, 266, 268. 
rose, 266, 275, 277. 
rose-red, 102. 
rose, reserves under, 275. 
violet, 106, 275, 277. 
violet, reserves under, 275. 
yellow, 155. 
yellow GGW, 167, 211. 

Alkali blue, 141, 210, 223, 261. 
violet, 223. 

Alkaline discharge, 270. 
Alpaca, 45, 46. 
Alum, 97, 103, 162, 179, 210. 

297 

Alumina, 95, 269. 
mordants, 102, 260. 

Aluminium acetate, 99, 104, 255, 268, 284. 
chlorate, 271. 
chloride as carbonising agent, 93. 
fluoride, 106. 
hypochlorite, 57. 
mordants, 160. 
pyrolignite, 105, 180, 268. 
sulphate, 97, 103. 
sulphocyanide, 105, 258. 

American wool, 37. 
Amethyst, 102, 160. 
Amidoazotoluol, 192. 
Ammonia, 162, 

salts, 283. 
Ammonium carbonate for wool-washing, 

81. 
citrate, 269. 
hypochlorite, 57. 
oxalate, 276. 
persulphate, 276. 
phosphate, 284. 
ricinolate, 192. 

Angora goat, 45. 
Aniline black, 106, 114, 195, 219, 272, 275. 

history of, 257. 
reserves under, 277. 

Aniline drab, 215. 
ferrocyanide, 277. 
tartrate, 258. 

Animal fibres, 122. 
hairs, 34. 

Anthracene acid black, 216, 217. 
blue, 167, 190. 
blue WG extra, 211, 213. 
brown, 155, 216. 
red, 146, 152, 157, 212. 
yellow, 154, 157, 167. 
yellow 0, 211. 

Anthracite black, 157, 223. 
Anthrapurpurine, 277. 
Anthrax, 46. 
Antimony oxide, for washing goods, 265. 

salt, 120, 275. 
tannate, 270. 

Antimony-potassium oxalate, 120. 
Antiseptics for prevention of mould, 284. 
Apparatine, 282. 
Archil, 87, 162, 185. 

substitute, 215. 
Artificial fibres, 1. 

silk, 2, 5. 
wool, 46. 

Asbestos, 2, 137. 
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Asclepias cotton, 12. 
Asiatic silk, 28. 
Atmospheric oxygen for bleaching, 54. 
Auramine, 143, 144, 217, 218, 223, 224, 

255, 260, 273, 276. 
Australian wool, 37. 
Austrian flax, 15. 
Automatic reeling machine, 26. 
Azo acid black, 216. 

fuchsine, 213, 223. 
yellow, 211. 

Azo black base, 192. 
carmine, 138, 210, 215, 223, 224. 
flavine, 158, 224. 
fuchsine, 213, 215. 
yellow, 215, 228. 

Azophore blue, 193. 
red, 191, 271. 

Baked starch, 249. 
Barium peroxide for bleaching, 59. 
Baryta, 283. 
Basic dyes, 277, 280, 283. 

dye-stuffs, 255. 
application of, 143. 

to cotton, 145. 
to silk, 145. 
to wool, 143. 

alum, 99, 103. 
chloride, 108, 109. 
chromium chloride, 99. 
ferrous sulphate, 99. 

Bast fibres, 7, 10, 12. 
soap, 78, 141, 168. 

Bastose, 18. 
Battik goods, 232. 
Bayer*s cochineal scarlet PS, 212. 

sulphocyanine, 190. 
Beetling, 289. 
Belgian flax, 15. 
Bengal rose, 233. 
Benzazurine, 148, 274. 
Benzidine dyes, 146. 
Benzo black blue, 148. 

blue black, 189. 
brown, 219. 
chrome black, 220. 
chrome brown, 219. 
grey, 147. 
pure blue, 218. 
purpurine, 148, 178. 
violet R, 219. 

Benzoic acid, 120. 
Berlin blue, 106, 169, 199, 200, 219, 258, 

271, 283. 
Biebrich patent black, 216. 
Billiard green, 210. 
Bismarck brown, 143, 219. 
Bisulphite, 277, 278, 280. 
Black azo dyes, 138. 

dyeing cotton with logwood, 180. 
on silk, 170. 

Bleaching agents, 53. 
cotton piece goods, 66. 
of textile fibres, 50. 
powder, 55, 272. 

Bleach vat, 273. 

Bleach with lime and resin soap, 66 
Blue dyeing, 181. 

vitriol, 97. 
Blueing of fibres, 86. 

of printing goods, 207. 
Bluish fast green, 224. 
Bran, 182, 266, 268. 

bath, 180. 
Breaking of flax, 14. 
Breinl and Karrer, 55. 
Brilliant alizarinecyanine, 3G-, 154, 190, 

261. 
black, 216. 
Congo R, 212. 
croceine, 212, 223. 
geranine, 257, 271, 277. 
green, 144, 217, 255, 270, 273, 276. 
ponceau, 212. 
sulphonazure, 152. 

Boiling of cotton goods with resin lye, 69. 
Bologna hemp, 16. 
Bombax cotton, 12. 
Bombykia, 27. 
Borax, 141, 284. 
Bordeaux, 138, 139, 213. 
Boric acid, 284. 
Bourette, 27. 
Bowking, 64. 

kier for bleaching cotton, 66, 67. 
Box mangle, 208. 
British gum, 251. 
Bromine for bleaching, 55. 
Buckthorn berries, 162, 254, 260, 274. 

berry tin lake, 256. 
Byssus silk, 34. 

Cachou de laval, 153. 
Calendering machine, 287, 288. 
Calico-printing, 248. 
Camel wool, 45, 46. 
Camphor, 284. 
Canadian asbestos, 2. 
Canarine, 153. 
Cannabis sativa, 16. 
Caoutchouc, 283. 
Capri blue, 273. 
Carbazol yellow, 146, 152, 154, 167. 
Carbonising, 87. 

agents, 91. 
Carbonising wool, 4. 
Cardaret process for manufacture of silk, 7. 
Carmines, 113. 
Cashmere, 45. 
Cassella’s brilliant cochineal, 212. 

diamine blue RW, 152. 
Castor oil, 122. 
Catechu, 106, 111, 113, 121, 169, 179, 

218, 219, 254, 261. 
dyeing, 178. 

Caustic soda, 270, 271, 273. 
discharge, 272. 

Celluloid, 5. 
Cellulose, 2, 3, 143. 

action of alkalis on, 7. 
on ammoniacal copper oxide, 8. 
of nitric acid on, 4. 

Cellulose, action of organic acids on, 4. 
action of zinc chloride on, 4. 
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Cellulose, composition of, 3. 
Cerium, 195. 
Chalk, 268. 
Chalk bath, 264. 
Chamois, 106, 218. 
Chardonnet silk, 5. 
Chemicking, 56. 

of cotton goods, 69. 
of linen, 75. 
of printed goods, 266. 

Chestnut extract, 117, 121, 169. 
Chicago-blue, 148, 189. 
China, 14. 

clay, 283. 
grass, 19. 

Chloramine brown, 277. 
yellow, 218, 257, 273, 277. 

Chlorate discharge, 270. 
Chlorine for bleaching, 55. 
Chloride of lime, 55. 
Chromate discharge, 270. 
Chrome, 95. 

alum, 108. 
black, 165, 166, 167, 216. 
brown, 158. 
discharge style, 269, 273. 
green, 256, 260, 270. 
mordant, GAIII, 99. 
mordants, 108, 260, 261, 273. 
orange, 115. 
yellow, 115, 199, 200, 218, 256, 258, 

260, 271. 
Chromic chromate, 108, 112. 
Chroming, 205. 
Chromium acetate, 104, 108, 255, 260. 

bisulphite, 102, 108, 109, 255, 269. 
fluoride, 97, 108, 109, 152, 157. 

Chromogene, 158, 216. 
Chromotrope, 138, 139, 154, 157, 158, 

211, 213. 
black, 216. 
2R, 213, 215. 

Chrysamine, 148, 153, 257, 277. 
Chrysoidine, 143, 217, 218. 
Chrysophenine, 148, 152, 153, 218, 271. 
Citric acid, 169, 222, 269, 276. 
Citronine, 210. 
Cloth brown, 146, 152, 167. 
Cloth printing, historical account of, 232. 

red, 156, 157, 211, 216. 
Cochineal, 211. 

dyeing with, 160. 
QOfn’lpf 1 1Q "11/1 

Coeruleine, *155, *167, *210, 254, 260, 274. 
Columbia-black, 219. 

black R, 189. 
chrome black, 220. 

Colouring for dressing preparations, 283. 
Colour, theory of, 125. 
Combed sliver printing, 281. 
Combined printing and dyeing, 207. 
Conditioning houses, 49. 

of silk, 49. 
Congo-corinth, 148. 
Congo-orange, 148. 

red, 143, 148, 178, 274. 
Continuous vat; 189. 
Copper, 95. 

Copper mordants, 114. 
sulphate, 97, 114, 152. 
sulphide, 271. 

“Coppering,” 114. 
Correcting of water, 52. 
Cosmos fibre, 47. 
Cotton, 1, 2, 8. 

application of direct dyes to, 147. 
of basic dye-stuffs to, 145. 
of mordant dyes to, 171. 

bleaching, 50, 103. 
chemical behaviour of, 11. 
commercial varieties of, 9. 
composition of, 10. 
dyeing, 217. 
dyes, 146. 
European industry of, 9. 
fibres, 9. 
fixing with iron, 120. 
gathering, 8. 
historical account of, 9. 
mordanting, 99. 
origin of, 8. 
seed oil, 9. 
structiire of, 9. 

Coussmacker’s experiments in silk culture, 
33. 

Cow hair, 46. 
Crabbing woollen goods, 293. 
Croceine EB, 212. 

RX, 212. 
scarlet, 178. 
scarlet R, 212. 

Cross, Bevan, and Beadle on cellulose, 7. 
Crushing of flax, 14. 
Curcuma, 153. 
Cutch, 114, 116. 
Cuticle, 10. 
Cure decolorants, 272. 
Cyanine, 213, 215. 
Cyanol, 139, 215. 
Cylinder presses, 279. 

printing press, 233, 237. 
Cyprian gold thread, 2. 

Damping machine, 287. 
of cotton goods, 287. 

Decatiring, 292. 
Decolorising vat, 272. 
Deepening method of dyeing, 157. 
Delta purpurine, 212. 
Demeuse machine, 83, 185. 
Depierre and Georgievics on bleaching 

agents, 55. 
Deru machine, 83, 84. 
“ Deux huiles,” 124. 
Developing dyes, 191. 

dye-stuffs, 257. 
Dew-retting flax, 13. 
Dextrin, 251, 272, 275, 282, 284. 

British gum, 279. 
Diamine, 148. 

black, 150, 159, 189, 219. 
blue, 152, 190. 

RW, 190. 
bronze, 219. 
brown M, 219. 
catechu, 150. 
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Diamine dyes, 146. 
golden yellow, 147, 218. 
green, 147, 148, 218. 
pure blue, 218, 257, 277. 
rose, 213, 218. 
scarlet, 152. 
violet, 219, 277. 
yellow, 274, 277. 

Diaminogene, 190, 219. 
Diamond black, 167, 216, 217. 

brown, 167, 
deep black, 220. 
green, 167. 
yellow, 167. 

Dianisidine blue, 190, 193, 201, 273, 276. 
Diazo black, 150, 219. 

blue, 190. 
brilliant black, 220. 

Diazotised dianisidine, 276. 
Direct blue-black, 219. 

deep black, 219. 
dyes, 146, 283. 

application to cotton, 147. 
to silk, 153. 
to wool, 152. 

discharge of, 273. 
dye-stuffs, 206. 
printing, 248. 

Discharge printing, 232. 
style printing, 268. 
of mordant, 269. 

Divi-divi, 117, 169. 
Drab, 215. 
Dressing, 282. 
Drying machine, 286. 
Dunging bath, 266. 
“Dunging” of cotton, 101. 
Dutch flax, 15. 
Dyeing previously mordanted wool, 164. 
Dyeing, theory of, 130. 
Dye-stuffs, reaction on fibre, 226 

selection of, 209. 
Dye-vat, 204. 
Dye-wood drab, 215. 
Dye-woods, 155. 

Edredon vegetal, 12. 
Egypt, 14. 
Egyptian flax, 15. 
Electrolytic bleaching process, 74. 

chlorine, 57. 
Eosine, 134, 278, 280. 

dyes, 115. 
Erban and Specht alizarine method, 205. 

method of dyeing cotton, 171. 
process for dyeing rose-red, 73. 

Turkey-red, 178. 
Erica, 218. 
Erythrosine, 256. 
Ethyl-tartaric acid, 255. 
Eurhodine, 143. 
European silk, 28. 
Extract wool, 46. 

Fankhausine, 73. 
Fast acid blue B, 223. 

red A, 223. 
violet A2R, 158, 213, 223. 

Fast acid violet, 10B, 139, 216, 223. 
Fast black, 220. 

diamine red, 152, 154, 157, 212, 218. 
diamine yellow, 218. 
green, 139, 215, 223. 
red, 138, 139. 
red O, 213. 
yellow, 210, 211, 215. 

Fastness of dyes to acids, 229. 
to bleach, 230. 
to ironing and steaming, 230. 
to light, 227. 
to perspiration, 230. 
to sulphur, 230. 
to water, washing, and milling, 229. 
testing of, 227. 

■ Fatty substances, 283. 
Fermenting vats, 181. 
Ferrocyanide, 257. 
Ferrous sulphate, 97, 106, 272. 
Fibres, distinguishing tests for, 20. 
Fibroin, 30. 
Finished dye, discharging of, 270. 
Finishing articles, 282. 
Fireproofing, 284. 
Fixing agents, 115. 

colour of printed goods, 261. 
Flavazol, 157. 
Flavine, 162, 211. 
Flavopurpurine, 272. 
Flax, 1, 2, 12. 

breaking, 14. 
chemical behaviour of, 16. 
commercial varieties of, 14. 
composition of, 15. 
crushing, 14. 
definition and origin of, 12. 
fibres, 15, 17. 
hackling, 14. 
historical account of, 14. 
preparation of, 13. 
scutching, 14. 
specific gravity of, 16. 
structure of, 15. 

Fleece, composition of, 38. 
Florette, 27. 

silk, 29. 
Flour, 249. 
Fluor esceine, 134. 
French flax, 15. 
Fuchsine, 134, 145, 169, 212, 218, 255, 

256. 
dyeing, 136. 

Fugitive scarlet, 160. 
Full bleach for linen, 75. 
Fuller’s earth, 142. 
Fulling mill, 293, 294. 

of woollen goods, 293. 
Fustet wood, 162. 
Fustic, 157, 179, 210, 216. 

Galleine, 154, 155, 167, 210, 254. 
Gall nuts, 116. 
Gallocyanine, 219, 254, 274. 
Galloflavine, 167, 211. 
Gallotannic acid, 116. 
Garancin strips, 176. 
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Gelatine, for dyeing, 141, 266, 268. 
Geranine. 218. 
Glass, 137. 

wool, 1. 

Glauber salt, for dyeing, 138, 147. 
Gloria fabrics, dyeing of, 222. 
Glucose, 273. 
Glycerine, 279, 280, 283. 
Goat wool, 45. 
Gossypium, 8. 
Grape sugar, for impregnating, 259, 272. 
Grass bleaching, 63. 
Grassing of linen, 75. 
Green, 106. 

vitriol, 106. 
Grege, 26. 

silk, 77. 
Grenoble hemp, 16. 
Gum, for thickening, 249, 279, 284. 

water, 274. 
Gum-arabic, for thickening, 251. 
Gun cotton, 4. 

Hackling flax, 14. 
Haematein, 163. 
Half-scoured silk, 79. 
Half-silk goods, dyeing of, 221. 
Half-smooth finish, 290. 
Half-woollen goods, dyeing of, 220. 
Hand-press, 279, 281. 
Hand printing, 233. 
Hank-yarn dye-vat, 265. 
Hasheesh, 16. 
Heliotrope, 274. 
Hemp, 1, 2, 16. 

bleaching, 76. 
chemical behaviour of, 17. 
composition of, 17. 
definition and occurrence of, 16. 
dyeing, 220. 
goods, finishing of, 291. 
historical account of, 16. 
preparation of, 16. 
structure of, 17. 

Hertel’s bleaching process, 73. 
Hessian dyes, 147. 

purple N, 212. 
Hexe press, 233. 
Hot-water retting of flax, 14. 
Hydraulic press, 292. 
Hydrocellulose, 4. 
Hydrochloric acid, for developing colour, 

143. 
as carbonising agent, 93. 

Hydro-extractor, 97. 
Hydrofluoric acid, 199. 
Hydrogen peroxide, for bleaching, 57, 278. 
Hydrothionic acid, for dyeing, 185. 
Hygroscopic materials, 283. 
Hypochlorous acid, for Turkey-red dis¬ 

charge, 272. 
Hyposulphite vat, 185, 
Hyposulphurous acid for bleaching, 62. 

Ice colours, 191, 257, 260, 261, 275. 
discharging of, 273. 
reserves under, 276. 

Impregnation, 293. 

Indamine, 145. 
blue, 190. 

Indigo, 181, 228, 259, 271, 272. 
blue, 261, 271, 275. 
carmine, 87, 138, 210. 
carmine cyanine, 223. 
discharge style, 270. 

printing, 260. 
indophenol vat, 190. 
white, 275. 

Indigophenol white, 259. 
Indoine, 143, 190. 

blue, 190. 
Indophenine, 190. 
Indophenol blue, 181, 259. 
Induline, 138, 143, 145,146, 210, 214, 261. 
Ingrain dyes, 149. 
Iodine solution test for vegetable fibres, 21. 
Irish flax, 15. 
Iron, as mordant, 95. 

black, 165, 167, 216. 
chamois, 199, 200, 258. 
mordants, 106, 260, 269. 
nitrate, 106, 107. 
pyrolignite, 99, 106, 107, 121, 169, 

180, 258, 268. 
Italian flax, 15. 

hemp, 16. 

Jigger, 119, 208. 
Jute, 1, 2, 5, 17, 113. 

bleaching, 76. 
chemical behaviour of, 18. 
composition of, 18. 
commerce of, 18. 
definition and occurrence of, 17. 
distinguished from flax, 22. 
goods, finishing of, 291. 
historical account of, 17. 
preparation of, 17. 
structure of, 18. 

Kalle’s cloth scarlet, 167. 
indigo salt, 259. 

Kaolin, 283. 
Kellner’s process for preparing electrolytic 

chlorine, 57. 

Lac dye, 161, 162. 
Lactic acid, instead of bitartrate, 111. 
La Trance Company for manufacture of 

artificial silk, 5, 6. 
Laguna logwood, 164. 
Lakes, 95, 154. 
Lampblack paste, 256, 261. 
Langhans’ process for manufacture of 

silk, 7. 
“ Law of distribution ” in dyeing, 133. 
Lead, for fixing dyes, 115. 

acetate, 272. 
Lehner process of silk manufacture, 7. 
Leio gum, 251. 
Leviathan washer, 82. 
Levulinic acid, 255. 
Liechti and Sinda’s investigations in 

Turkey-red dyeing, 172. 
Light green S, 223. 

yellow, 260. 
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Lime, as mordant, 115, 182, 187. 
boiling of cotton, 67. 

Linen bleaching, 74. 
dyeing, 220. 
goods, finishing of, 290. 

Lister’s method of working waste silk, 32. 
process of working up silk, 27. 

Llama, 45. 
Loaded silk, 78. 
Loading ingredients, 283. 
Logwood, 157, 169, 171, 179, 185, 199, 

216, 219, 254, 261, 268. 
black, 156, 220, 258, 266. 
black-dyeing cotton with, 180. 
blue, 102, 167. 
dyeing on wool, 163. 

Long Georgia cotton, 9. 
staple cotton, 9. 

“Lucca” goods, 113, 255, 260. 
Lumen, 10. 
Lustring of silk, 79. 

Madder, 157, 162, 182. 
red, 211. 

Magdala red, 145, 210, 224. 
Magnaneria, 24. 
Magnesium carbonate, 271. 

chloride, 276, 253, 284. 
as carbonising agent, 92. 

hypochlorite, 57. 
Maize starch, 282. 
Mako cotton, 73. 
Malachite green, 143, 144, 145, 210, 217, 

255, 273. 
Malt, for eliminating thickening materials, 

266. 
Manganese bistre, 115, 137, 199, 219, 259, 

261, 273. 
salts, 115. 

Mangling of cotton goods, 288. 
Manila hemp, 2. 
Marine blue, 143, 210. 
Marseilles olive oil soap, 141, 142, 177, 

265. 
Martin’s yellow, 134. 
“Matching” dyes, 129. 
Mather and Platt, apparatus, 193, 194, 

260, 261, 262, 267, 269, 270. 
beetles, 289. 

Mather and Thompson continuous bleach¬ 
ing process, 73. 

Mercerisation, 7, 11. 
Metallic bistre, 283. 

threads, 2. 
Metaphenylene blue, 190. 
Methyl blue, 10. 
Methylene blue, 109, 143, 145, 169, 218, 

219, 255, 260, 261, 271, 273. 
grey, 145. 
violet, 255. 

Methyl green, 144, 223, 224, 255. 
violet, 134, 144, 145, 171, 185, 189, 

197, 210, 213, 255, 256, 260, 268, 
273, 276. 

violet-blues, 87. 
Mikado dyes, 147. 

orange, 218. 
yellow, 153, 218. 

Milanese trame silk, 78. 
Milling blue, 157. 

of woollen goods, 293. 
yellow, 211. 
yellow O, 211. 

Mineral fibres, 1, 2. 
Mixed fabrics, dyeing of, 220. 
Mixed retting of flax, 13. 
Mohair, 45. 
Moir4 effects, 289. 

silk, 142. 
Moramer cop-dyeing machine, 206. 
Mordant, discharging of, 269. 

dyes, 267. 
application of, 154. 

to cotton, 171. 
to silk, 167. 
to wool, 154. 

dye-stuffs, 254. 
Mordanting, 95. 

cotton, 99. 
silk, 98. 

Mordants, 95. 
Mordant yellow, 167. 
Mould, prevention of, 284. 
Mourning goods, treatment with bran, 268. 
Myrabolans, 117. 
Multiple-colour machine, 244. 
Mungo, 46. 

Nankeen, 218. 
Naphthazine blue, 214. 
Naphthol, 276. 

black, 216, 280. 
blue, 214. 
LC, 192. 
yellow, 139, 210, 211. 

Naphthylamine black, 216, 217. 
D, 223. 

Naphthyl blue-black, 216. 
Naphtindone, 190. 
Natural finish, 290. 
Natural retting of flax, 13. 
Navy blue, 214. 

B, 223. 
Nettle fibre, 19. 
New blue, 190. 

methylene blue, 255, 261. 
“New red,” 176. 
New toluylene brown, 219. 
New Zealand hemp, 2. 
Nickel, as mordant, 95, 115. 
Nigrosine, 143. 
Nile blue, 218, 270. 
Nitraniline red, 106, 178, 260, 273, 276. 
Nitrocellulose, 4. 
Nitrosamine red, 191, 195. 
Noir reduit, 261. 
Non-fermenting vats, 181. 
“Nops,” 87. 
“Normal aluminium alizarate,” 172. 
Nyanza black, 147. 

Oriental cloth, 294. 
Oriole yellow, 255, 260. 
Orleans, 153. 
Ouate v^getale, 12. 
Over-retted flax, 14. 
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Oxalic acid, for mordanting, 98, 111, 156, 
161, 269, 270, 272, 284. 

for removing stains, 72. 
Oxazine, 143. 
Oxidation chamber, 261, 262, 267. 
Oxidation process, 101. 
Oxidising bleaching agents, 53. 
Ozone for bleaching, 54. 
Ozonin, 55. 
Ozonised turpentine and alkali for bleach¬ 

ing, 54. 
Oak bark, for tanning, 116. 
Obermaier revolver, 203. 
Ochre, 283. 
Oehler’s apparatus, 22ST. 
Oil, for dressing, 283. 
“Old red,” 174. 
Oleic acids, 115, 122. 
Olive oil, 122, 124, 169, 249. 
Orange chrome, 199, 200, 218, 256, 258, 

260, 271. 
II, 210. 
IV, 158. 
C, 213, 223. 
2R, 210. 

Padding, 99. 
machine, 100. 

Palatine scarlet, 212, 223. 
Pale chamois, 106. 
Paraffin, for dressing, 283. 
Paraphenylene blue, 190. 
Partial bleaching of cotton, 72. 
Patent blue, 138, 139, 157, 158, 215, 223, 

224. 
A, 211. 
N, 211. 

Pattes de lierre, 12. 
Pearl shades in dyeing, 214. 
Perger’s apparatus, 228. 
Perrotine press, 233, 235, 236, 272. 
Phenetidine red, 191. 
Phenylenediamine, 150. 
Phloxine, 210. 
Phosphine, 218. 
Phthalic acid, for fixing dyes, 120. 
Picric acid, in silk-dyeing, 210, 228. 
Piece-dying machines, 207. 
Pineapple fibre, 2. 
Pink salt, 113. 
Pite fibre, 2. 
Ponceau, 138, 139, 160, 210, 224, 268. 

B extra, 212. 
2R, 212, 224. 
3R, 212. 
4R, 212. 

Porcelain printing, 232. 
Potash, use in dye-bath, 147. 

blue, 214. 
for wool-washing, 81. 

Potassium-antimony oxalate, 275. 
Potassium bichromates, 97, 108, 110, 146, 

152, 270, 272, 275. 
bichromate for bleaching, 60. 
bitartrate, 98, 110, 111, 156, 161. 
bromate, 269. 
chromate, 271, 272, 274. 
ferricyanide, 271, 272. 

Pottasium ferricyanide, for bleaching, 60. 
ferrocyanide, 261, 273. 
iodide, 271. 
permanganate, 115. 

for bleaching, 60. 
for removing stains, 72. 

sulphite, 276. 
Potato starch, 282, 284. 
Preparing salt, 113. 
Pressing, 290. 

of woollen goods, 292.. 
Primrose, 210. 
Primuline, 147, 150. 

red, 218, 219. 
Printing and dyeing combined, 287. 
Printing blue, 255. 
Printed goods, treatment of, 261. 
Propiolic acid print, 259. 
Prudhomme black, 199, 257, 277. 
Prussian flax, 15. 
Pure blue, 271. 
Pyronine, 143, 273. 

Quercitron, 156, 171, 211, 218, 254, 260, 
261, 268. 

Quicklime, for Turkey-red dyeing, 272. 
Quinoline yellow, 138, 139, 210, 211, 215. 

Ramie, 1, 2, 19. 
bleaching, 76. 
dyeing, 220. 
fibre, chemical behaviour of, 20. 

commerce and statistics of, 19. 
composition of, 20. 
historical account of, 19. 
structre of, 20. 

Raised goods, 290. 
Raising machine, 290. 

of woollen goods, 291. 
Reducing bleaching agents, 60. 
Red wood, 171, 179, 216, 254. 
Reeling of silk, 26. 
Reserve printing, 232. 

style printing, 274. 
Rhea, 19. 
Rhodamine, 123, 143, 145, 146, 162, 210, 

213, 218, 223, 224, 255, 271, 276. 
Rhodamine S, 153. 
Rice starch, 282. 
Ricinoleic acid, 123. 
Roccelline, 210. 
Roller gin for cotton, 8. 
Rosaniline dyes, 143. 
Rose-red, 213, 248. 
Rouil mordant, 99, 107, 169. 
Roulette vat, 189. 
Rubine, 171, 268. 
Russian hemp, 16. 

Safflower, 153. 
Safranine, 143, 218, 219, 255, 260 
Sal-ammoniac, 249, 265. 
Salicylic acid, 284. 
Salt, 147. 
Salzburg black, 165. 

vitriol, 106. 
Sample dyeing, 224. 
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Sandal, 167. 
Santal-wood, 112. 
Saw gin for cotton, 8. 
Scarlet, 138, 139, 211. 

acid, 114 
B, 212. 
testing fastness of, 160. 

Sehlieper and Baum glucose method, 259. 
and Baum method, 272. 

method of dyeing Turkey-red, 
178. 

Scoured silk, 28. 
Scouring process in cochineal dyeing, 162. 
Scroop, 28. 
Scutching flax, 14. 
Sea-island cotton, 9. 
Seed hairs, 2, 8. 
Sel de soude antiseptique, 65. 
Semi-fast blue, 185. 

scarlet, 160. 
Senegal gum, 252. 
Sericin, 30. 
Shearing, 286. 

of woollen goods, 291. 
Sheep’s wool, 35. 
Shoddy, 46. 
Short staple cotton, 9. 
“ Shot ” effects, 222. 
Siemens and Halske’s bleaching process, 54. 
Silesian bleaching, 75. 

flax, 15. 
Silicate, in fireproofing, 284. 
Silk, 1, 23. 

application of acid dye-stuffs to, 141. 
of mordant dyes to, 167. 
of direct dyes to, 153. 
of tannic acid to, 121. 
of basic dye-stuffs to, 145. 

bleaching 77, 79. 
chemical composition of, 30. 

properties of, 30. 
commerce of, 27. 
conditioning of, 49. 
dyeing, 209. 
fibre, production of, 28. 

structure of, 29. 
goods, finishing of, 291. 
historical account of, 27. 
loading, 79. 
manufacture, 26. 
mordanting of, 98. 
physical properties of, 28. 
printing, 280. 
scouring, 77, 79. 
specific gravity of, 30. 
wool, 45. 
worm breeding, 24. 
worm, diseases of, 26. 

Single-bath black, 165, 166. 
aniline black, 199. 
logwood black, 216. 

Single-colour cylinder machine, 241. 
Size, 268, 270, 282. 
Slag wool, 2. 
Smoothing of silk, 79. 
Soap, in application to dyes, 147. 

for wool-washing, 81. 
Soaping of printed goods, 265. 

Soda, in application to dyes, 147, 182, 277, 
280. 

for wool-washing, 81. 
spotting, 41. 
stains in carbonising, 94. 

Sodium acetate, 274, 277, 280. 
aluminate, 105, 272, 277. 
bichromate, 97, 108, 112. 
bisulphate, 269. 
bisulphite for bleaching, 62. 
bromate, 271. 
chlorate, 249, 269, 271. 
citrate, 275. 
hypochlorite, 56. 
hyposulphite, 144. 
peroxide for bleaching, 59. 
phosphate, 147. 
plumbate, 272. 
stannate, 112, 113, 143, 265, 278. 

Softening materials, 283. 
Souple silk, 77, 79, 121, 168. 
Souring, 64. 

of cotton goods, 68. 
of linen, 75. 

Spanish wool industry, 36. 
Spun glass, 1. 
Stale urine, in wool-washing, 81. 
Stamping of goods 290. 
Stannic acid, 278. 

chloride, 113. 
Stannous chloride, 97, 99, 112, 113. 
Starch, 3, 5, 270, 279. 

paste, 256. 
Steam alizarine red, 114. 

chrome yellow, 258. 
colours, 256. 
dyes, 254. 
orange chrome, 259. 
retting of flax, 14. 

Steaming of printed goods, 262, 263, 266. 
woollen goods, 292. 

Stearin, 283. 
Steeping of cotton, 66. 
Sterner process of dyeing cotton, 176. 
“ Stocks,” 40. 
Substantive dyes, 2, 146. 
Suint, in wool, 43. 
Sulphocyanide, 297. 
Sulphonazurine, 152. 
Sulphone black, 216. 

brown, 152. 
Sulphonecyanine, 152, 214. 
Sulphone dyes, 146. 
Sulphoricinoleic ester, 123. 
Sulphuric acid as carbonising agent, 92. 

test for vegetable fibres, 21. 
Sulphurous acid for bleaching, 61. 
Sumach, 116, 120, 121, 122, 157, 175, 180, 

268. 
Super oxidation, 55. 
Supplementary mordants, 95. 
Sunn hemp, 2. 
Syrup, for fermenting, 182. 

Tabora black, 147. 
Tallow, 283. 
Tanner’s wool, 36, 40. 
Tannic acids, 107, 113, 115, 116, 174. 
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Tannic acid, application to cotton, 117. 
application to silk, 121. 

Tannin, 284. 
colours, 266, 267. 
dyes, 260, 269, 273, 274. 

reserve with, 275. 
Tartar emetic bath, 112, 264, 267, 269, 

270, 275, 277. 
Tartaric acid, 141, 248, 255, 269, 272, 275, 

276. 
Tartrazine, 138, 210, 211, 215, 223. 
Tegethoff blue, 214. 
Tenting frame, 286. 
Thiazol yellow, 148, 218. 
Thibet wool, 45, 147. 
Thickening agents in calico-printing, 249. 
Thies and Herzig full bleach for cotton, 

64, 69. 
Thies-Herbig process of bleaching cotton, 

65. 
Thioflavine, 218, 276. 

S, 148. 
T, 270. 

Thomas and Prevost process, 11. 
Tillandsia, 2. 
Tin, as mordant, 95. 

acetate, 114, 255, 274. 
discharge, 273. 
mordants, 112, 161, 260. 
oxalate, 114, 
paste, 114, 255. 
salt, 97, 161, 255, 268, 269, 273, 274, 

276, 280. 
solution, 114. 
stains, 162. 
sulphocyanide, 114. 

Titan rose-red, 147. 
Tolujdene brown, 219. 

diamine, 150. 
orange, 148, 218. 

Topping printing, 277. 
with basic dyes, 251. 

Tournant oil, 124. 
Tragacanth, 192, 252, 276, 282, 284. 

mucilage, 256, 259. 
Tropeoline, 138. 
True aloe fibre, 2. 

silk, 23. 
Tungstate, for fireproofing, 284. 
Turkey red, 106, 113, 289. 

discharge style, 172. 
dyeing, 114, 121, 122, 172. 
oil, 122, 147, 149, 172, 176, 248, 267. 

276, 283. 
Turpentine, 249, 278. 
Turquoise blue, 255, 261. 
Tussah silk, bleaching and scouring of, 90. 
Tussur silk, 33. 

Ultramarine, 256, 261, 267, 283. 
Umbrella silks, 168. 

Vanadium, 195. 
Vascular bundles, 2. 
Vat, 181. 

blue, 115, 219, 271, 274. 
discharging of, 270. 

Vat dyeing, 281. 
dyes, application of, 181. 
dye-stuffs, 259. 

Vegetable down, 12. 
fibres, 1, 2. 
mucilage, 282, 284. 
parchment, 4. 
silk," 8, 12. 

Vermilion, 256, 260, 271. 
Victoria black, 216. 

rubine, 213. 
scarlet, 212. 
violet, 157, 158. 

Vicuna, 45. 
Vidal black, 220. 
Vigoureux printing, 281. 
Violamine, 210 
Vivier process of silk manufacture, 6. 

Warm-water retting of flax, 13. 
Warps, printing, 281. 
Washing machine for cotton, 68. 

process of wool, 32. 
of textile fibres, 50. 
woollen piece goods, 86. 

yarn, 86. 
Waste silk, working up of, 26. 

water, purifying of, 53. 
Water blue, 223. 

hardness of, 51. 
impurities in, 51. 

Waterproofing, 203. 
Water retting of flax, 13. 
Wax, in dressing, 283. 
Wheat, 282, 284. 

starch, 249, 259. 
Wheaten flour, 193. 
White-dyeing, 86. 
Wild silk, 32. 
Woad vat, 182. 
Wolff colorimeter, 225, 226. 
Wood blue, 204. 

drab, 216. 
Wool, 1. 

application of acid dye-stuffs to, 138. 
of basic dye-stuffs to, 143. 
of direct dyes to, 152. 
of mordant dyes to, 154. 

black, 216. 
bleaching, 80. 
chemical composition of, 42. 
collection of, 36. 
detergents, 81. 
drying and carbonising machine, 89. 

store, 89. 
effect of alkalis on, 44. 

of nitric acid on, 44. 
fat, 43. 
fibre, chemical behaviour of, 43. 
green, 223, 

S, 215. 
historical account of, 36. 
logwood-dyeing on, 163. 
mordanting of, 96. 
physical properties of, 41. 
printing, 278, 
sorters’ disease, 26. 
structure of, 38. 
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Wool, substitutes, texture of, 47. 
washing, 80. 

Woollen goods, finishing of, 291. 
piece goods, washing of, 86. 
yarn, washing of, 86. 

Worsteds, 295. 
washing of, 86. 

m 

Yarn-printing, 281. 
Yellow lead chromate, 257. 
Yolk, in wool, 43. 

Zambesi black, 220. 

Zambesi blue, 148. 
Zinc, 95, 114. 

chloride, 284. 
dust, 273, 274, 280. 
iodochloride, test for vegetable fibres, 

21. 
mordants, 261. 
nitrate, 268. 
oxide, 265, 277. 
salts, 283. 
sulphate, 284. 

as fixing agent, 120. 
vat, 187, 188. 
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Paints, Colours and Printing 
Inks. 

THE CHEMISTRY OP PIGMENTS. By Ernest J. Parry, 
B.Sc. (Lond.), F.I.C., F.C.S., and J. H. Coste, F.I.C., F.C.S. Demy 
8vo. Five Illustrations. 285 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; 11s. 3d. abroad.) 

Contents. 
Introductory. Light—White Light—The Spectrum—The Invisible Spectrum—Normal 

Spectrum—Simple Nature of Pure Spectral Colour—The Recomposition of White Light— 
Primary and Complementary Colours—Coloured Bodies—Absorption Spectra—The Appli = 
cation of Pigments. Uses of Pigments: Artistic, Decorative, Protective—Methods of 
Application of Pigments : Pastels and Crayons, Water Colour, Tempera Painting, Fresco, 
Encaustic Painting, Oil-colour Painting, Keramic Art, Enamel, Stained and Painted Glass, 
Mosaic—Inorganic Pigments. White Lead—Zinc White—Enamel White—Whitening— 
Red Lead—Litharge—Vermilion—Royal Scarlet—The Chromium Greens—Chromates of Lead, 
Zinc, Silver and Mercury—Brunswick Green—The Ochres—Indian Red—Venetian Red— 
Siennas and Umbers—Light Red—Cappagh Brown—Red Oxides—Mars Colours—Terre Verte 
—Prussian Brown — Cobalt Colours — Coeruleum — Smalt—Copper Pigments—Malachite— 
Bremen Green — Scheele’s Green — Emerald Green — Verdigris—Brunswick Green—Non- 
arsenical Greens—Copper Blues—Ultramarine—Carbon Pigments—Ivory Black—Lamp Black 
—Bistre—Naples Yellow—Arsenic Sulphides : Orpiment, Realgar—Cadmium Yellow— 
Vandyck Brown—Organic Pigments. Prussian Blue—Natural Lakes—Cochineal—Carmine 
—Crimson — Lac Dye — Scarlet — Madder — Alizarin—Campeachy—Quercitron—Rhamnus— 
Brazil Wood—Alkanet—Santal Wood—Archil—Coal-tar Lakes—Red Lakes—Alizarin Com¬ 
pounds—Orange and Yellow Lakes—Green and Blue Lakes—Indigo—Dragon’s Blood— 
Gamboge—Sepia—Indian Yellow, Puree—Bitumen, Asphaltum, Mummy—Index. 

THE MANUFACTURE OF PAINT. A Practical Handbook 
for Paint Manufacturers, Merchants and Painters. By J. Cruickshank 

Smith, B.Sc. Demy 8vo. 200 pp. Sixty Illustrations and One Large 
Diagram. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Preparation of Raw Material—Storing of Raw Material—Testing and Valuation of Raw 

Material—Paint Plant and Machinery—The Grinding of White Lead—Grinding of White 
Zinc—Grinding of other White Pigments—Grinding of Oxide Paints—Grinding of Staining 
Colours—Grinding of Black Paints—Grinding of Chemical Colours—Yellows—Grinding of 
Chemical Colours—Blues—Grinding Greens—Grinding Reds—Grinding Lakes—Grinding 
Colours in Water—Grinding Colours in Turpentine—The Uses of Paint—Testing and Matching 
Paints—Economic Considerations—Index. 

DICTIONARY OF CHEMICALS AND RAW PRO¬ 
DUCTS USED IN THE MANUFACTURE OF 
PAINTS, COLOURS, VARNISHES AND ALLIED 
PREPARATIONS. By George H. Hurst, F.C.S. Demy 
8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home; 8s. 6d. abroad.) 

THE MANUFACTURE OF LAKE PIGMENTS FROM 
ARTIFICIAL COLOURS. By Francis H. Jennison, 
F.I.C., F.C.S. Sixteen Coloured Plates, showing Specimens of 
Eighty-nine Colours, specially prepared from the Recipes given 
in the Book. 136 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home; 8s. abroad.) 

Contents. 
The Groups of the Artificial Colouring Matters—The Nature and Manipulation of Artificial 

Colours—Lake-forming Bodies for Acid Colours—Lake-forming Bodies’ Basic Colours—Lake 
Bases—The Principles of Lake Formation—Red Lakes—Orange, Yellow, Green, Blue, Violet 
and Black Lakes—The Production of Insoluble Azo Colours in tne Form of Pigments—The 
General Properties of Lakes Produced from Artificial Colours—Washing, Filtering and Fin- 
shing—Matching and Testing Lake Pigments—Index. 
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PAINTS, COLOURS, ETC.—continued. 
THE MANUFACTURE OF MINERAL AND LAKE 

PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters’ Colours, Enamel, Soot and Me¬ 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr. Josef Bersch. Translated by A. C. Wright, 
M.A. (Oxon.), B.Sc. (Lond.). Forty-three Illustrations. 476 pp., demy 
8vo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 
SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chemist. 350 pp. Demy 8vo. Price 7s. Gd. net. (Post 
free, 8s. home; 8s. 3d. abroad.) 

OIL COLOURS AND PRINTERS’ INKS. By Louis 
Edgar And£s. Translated from the German. 215 pp. Crown 8vo„ 
56 Illustrations. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 
Linseed Oil—Poppy Oil—Mechanical Purification of Linseed Oil—Chemical Purification of 

Linseed Oil—Bleaching Linseed Oil—Oxidizing Agents for Boiling Linseed Oil—Theory of 
Oil Boiling—Manufacture of Boiled Oil—Adulterations of Boiled Oil—Chinese Drying Oil and 
Other Specialities—Pigments for House and Artistic Painting and Inks—Pigment for 
Printers’ Black Inks—Substitutes for Lampblack—Machinery for Colour Grinding and 
Rubbing—Machines for mixing Pigments with the Vehicle—Paint Mills—Manufacture of 
House Oil Paints—Ship Paints—Luminous Paint—Artisis Colours—Printers’ Inks:— 
VEHICLES—Printers’ InksPIGMENTS and MANUFACTURE—Index. 

(See also Writing Inks, p. n.) 

MODERN PRINTING INKS. A Practical Handbook for 
Printing Ink Manufacturers and Printers. By Alfred Seymour, 
Author of “ Practical Lithography ”. Demy 8vo. Six Illustrations. 
90 pages. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 
Introduction.—Division of Labour—A Separate Industry—Choice of Materials—Skilful 

Manipulation—Some Important Factors—The Medium—Ink and Colour Mixing—A Justifica¬ 
tion. Linseed Oil.—Extraction of the Oil — Classification—Mechanical Purification — 
Adulteration—Boiled Oil—Preparation of Boiled Oil—An Alternative Process. Varnish.— 
A Vehicle and Essential Component—A Reference to Lithography—Baltic Oil—Preparation 
of Varnish—The Modern Method—An Old Argument—Letterpress Varnish—A Cheaper 
Medium—A Suggestive Recipe—Fire Risks—Gradations of Varnish. Dry Colours.—A 
Recommendation—An Endless Variety of Materials—Earth Colours—Mineral Colours— 
Substrates—Toning Earth Colours—-Physical Characteristics—Colouring Power—Brilliance— 
Purity of Tone—Permanence. Dry Colours—Blacks, Whites, Yellows—Lampblack— 
Process of Manufacture—Calcination—Carbon Black—Acetylene Black—A Simple Test—Lead 
and Zinc Whites—White Earth Colours—Yellows—Yellow Ochres—Mineral Yellows. Dry 
Colours—Reds, Browns.—Classification of Reds — Genuine Vermilions — Preparation — 
Imitation Vermilions—Umber, Raw and Burnt—Sienna, Raw and Burnt. Blues, Greens.— 
Ultramarine Blue—A Useful Tint—Other Similar Blues—Cobalt Blues—Prussian—Chinese 
and Bronze Blues—A Test for Purity—Greens—Compound Greens—Mineral Greens. Lakes. 
—Characteristics—Lake Derivatives — A Point of Importance—Red Lakes — Madder — 
Cochineal and Carmine—Brazil Wood—Alizarine a Coaltar Derivative—Yellow Lakes—Blue 
Lakes—Green Lakes. The Grinding of Printing Inks.—Ink-grinding Machinery—Ink¬ 
grinding Mill—A Novel Machine—Hand Grinding—Treatment of Gritty Colours—A Question: 
of Proportion—Approximate Calculation—Soap—Saturation — Friction Heat — Consistent 
Grinding. Ink and Colour Mixing.—A Necessary Acquisition —Ink Mixing Defined—Mixed 
Green Inks—Mixed Brown Inks—Tints—Ink Mixing—Lithographic Inks—Characteristics of 
Yellows—Mixing Vermilion—Ultramarine and Other Blues—Bronze, Prussian and Chinese 
Blues—Working Consistency—Reducing Medium—Letterpress Inks—Gloss Inks—Three- 
colour Inks—Ink-mixing Machine. The Characteristics of Some Printing Processes.— 
A Supplementary Discussion—Letterpress Inks—Three-colour Printing—Lithographic Printing 
Inks—An Important Feature—Suggestive Points—Tinplate Printing. Driers.—A Valuable 
Auxiliary—Energetic Drying Inks—The Theory of Drying—Liquid Driers—Terebene—Paste 
Driers—Letterpress Driers—Powder Driers—Turpentine as a Drier. Bronze Pow ders and 
Bronzing.—A Brief Justification—Bronze Printing Inks—Bronze Powders—The Process of 
Manufacture—Preparation of the Leaf—Grinding and Grading—Bronzing Mediums—Requisite 
Qualities — Wax Varnish. “Things Worth Knowing.”—A Record of Notes and 
Experiences—Index. 

THREE HUNDRED SHADES AND HOW TO MIX 
THEM. For Architects, Decorators and Painters. 

(See page 28.) 
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PAINTS, COLOURS, ETC.—continued. 
CASEIN. By Robert Scherer. Translated from the German 

by Chas. Salter. Demy 8vo. Illustrated. 160 pp. Price 7s. 6d. 
net. (Post free, 7s. lOd. home; 8s. abroad.) 

Contents. 
Casein: its Origin, Preparation and Properties. Various Methods of Preparing 

Casein. Composition and Properties of Casein. Casein Paints.—“ Marble-Lime’’ 
Colour for Outside Work—Casein Enamel Paint—Casein Faqade Paint—Cold-Water Paint in 
Powder Form—History’s Recipe for Casein Paint and Varnish—Pure Casein Paints for Walls, 
etc.—Casein Paints for Woodwork and Iron—Casein-Silicate Paints—Milk Paints—Casein- 
Silicate Paint Recipes—Trojel’s Boiled Oil Substitute—Calsomine Wash—Quick-Drying 
Casein Paint—Boiled Oil Substitute—Ring’s Cold-Water Paint—Formolactin—Waterproof 
Paint for Playing Cards—Casein Colour Lake—Casein-Cement Paint. The Technics of 
Casein Painting. Casein Adhesives and Putties.—Casein Glue in Plates or Flakes— 
Jeromin’s Casein Adhesive—Hall’s Casein Glue—Waterproof Glue—Liquid Casein Glue— 
Casein and Borax Glue—Solid Casein Adhesive—-Casein Solution—Glue Powder—Casein 
Putties—Washable Cement for Deal Boards—Wenk’s Casein Cement—Casein and Lime Cement 
—“ Pitch Barm ”—Casein Stopping—Casein Cement for Stone. The Preparation of 
Plastic Masses from Casein.—Imitation Ivory—Anti-Radiation and Anti-Corrosive Com¬ 
position—Dickmann’s Covering for Floors and Walls—Imitation Linoleum—Imitation 
Leather—Imitation Bone—Plastic Mass of Keratin and Casein—Insulating Mass—Plastic 
Casein Masses—Horny Casein Mass—Plastic Mass from Celluloid—Casein Cellulose Compo¬ 
sition—Fireproof Cellulose Substitute—Nitrocellulose and Casein Composition—Franquet’s 
Celluloid Substitute—Galalith. Uses of Casein in the Textile Industry, for Finishing 
Colour Printing, etc.—Caseogum—“ Glutin ”—Casein Dressing for Linen and Cotton 
Fabrics—Printing Colour with Metallic Lustre—Process for Softening, Sizing and Loading— 
Fixing Casein and Other Albuminoids on the Fibre—Fixing Insoluble Colouring Matters— 
Waterproofing and Softening Dressing—Casein for Mercerising Crepe—Fixing Zinc White on 
Cotton with Formaldehyde—Casein-Magnesia—Casein Medium for Calico Printing—Loading 
Silk. Casein Foodstuffs.—Casein Food—Synthetic Milk—Milk Food—Emulsifiable Casein 
—Casein Phosphate for Baking—Making Bread, Low in Carbohydrates, from Flour and Curd 
—Preparing Soluble Casein Compounds with Citrates—Casein Food. Sundry Applications 
of Casein. 

SIMPLE METHODS FOR TESTING PAINTERS’ 
MATERIALS. By A. C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.). Crown 8vo. 160 pp. Price 5s. net. (Post free, 5s. 3d. 
home ; 5s. 6d. abroad.) 

IRON - CORROSION, ANTI - FOULING AND ANTI¬ 
CORROSIVE PAINTS. Translated from the German of 
Louis Edgar Andes. Sixty-two Illustrations. 275 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, 10s. lOd. home; 11s. 3d. abroad.) 

Contents. 
Iron-rust and its Formation—Protection from Rusting by Paint—Grounding the Iron with 

Linseed Oil, etc.—Testing Paints—Use of Tar for Painting on Iron—Anti-corrosive Paints— 
Linseed Varnish—Chinese Wood Oil—Lead Pigments—Iron Pigments—Artificial Iron Oxides 
—Carbon—Preparation of Anti-corrosive Paints—Results of Examination of Several Anti¬ 
corrosive Paints—Paints for Ship’s Bottoms—Anti-fouling Compositions—Various Anti-cor¬ 
rosive and Ship’s Paints—Official Standard Specifications for Ironwork Paints—Index. 

THE TESTING AND VALUATION OF RAW MATE¬ 
RIALS USED IN PAINT AND COLOUR MANU¬ 
FACTURE. By M. W. Jones, F.C.S. A Book for the 
Laboratories of Colour Works. 88 pp. Crown 8vo. Price 5s. net. 
(Post free, 5s. 3d. home and abroad.) 

THE MANUFACTURE AND COMPARATIVE MERITS 
OF WHITE LEAD AND ZINC WHITE PAINTS. By 
G. Petit, Civil Engineer, etc. Translated from the French. Crown 8vo. 
100 pp. Price 4s. net. (Post free, 4s. 3d. home ; 4s. 4d. abroad.) 

Contents. 
Chapters I., The Fundamental Principles of Painting in Oil. II., The Different Varieties of 

White Leads—The Dutch Process—Grinding White Lead in Oil. III., Other Processes of 
Manufacturing White Lead. IV., White Lead Substitutes—Sophistication of White Lead- 
Analysis of White Lead. V., White Lead Paints—Their Merits and Defects. VI., Toxi¬ 
cology of White Lead—Hygienic Measures in its Manufacture and Use. VII., Zinc White— 
Its Preparation. IX., Zinc White Paint and Zinc White Coatings—Their Merits and Defects 
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STUDENTS’ HANDBOOK OF PAINTS, COLOURS, OILS 
AND VARNISHES. By John Furnell. Crown 8vo. 12 
Illustrations. 96 pp. Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Varnishes and Drying Oils. 
OIL CRUSHING, REFINING AND BOILING, THE 

MANUFACTURE OF LINOLEUM, PRINTING AND 
LITHOGRAPHIC INKS, AND INDIA-RUBBER 
SUBSTITUTES. By John Geddes McIntosh. Being 
Volume 1. of the Second, greatly enlarged, English Edition, in three 
Volumes, of “ The Manufacture of Varnishes and Kindred Industries,” 
based on and including the work of Ach. Livache. Demy 8vo. 150 pp. 
29 Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home; 8s. 
abroad.) 

VARNISH MATERIALS AND OIL-VARNISH MAKING. 
By J. G. McIntosh. Being Vol. II. of “ The Manufacture of Varnishes 
and Kindred Industries ”. Demy 8vo. 70 Illustrations. 220 pp. 
Price 10s. 6d. net. (Post free, 10s. lOd. home ; 11s. 3d. abroad.) 

Contents. 
Chapter I., Introduction. II., Amber and Amber Oil Varnishes. III., Copal, etc. IV., 

Resins—Assorting, Cleaning and Fusing. V., Asphaltum, Coal-Tar, Pitch, Rubber, etc. VI., 
Oil-Varnish Making—General Instructions. VII., Copal Oil Varnish. VIII., Rosin Oil Varnish 
—Brunswick Black—Super Black Japan. IX., Testing Varnish—Utilisation of Residues. 

DRYING OILS, BOILED OIL AND SOLID AND 
LIQUID DRIERS. By L. E. Andes. Expressly Written 
for this Series of Special Technical Books, and the Publishers hold 
the Copyright for English and Foreign Editions. Forty-two Illustra¬ 
tions. 342 pp. Demy 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 
13s. 3d. abroad.) 

Contents. 
Properties of the Drying Oils; Cause of the Drying Property; Absorption of Oxygen ; 

Behaviour towards Metallic Oxides, etc.—The Properties of and Methods for obtaining the 
Drying Oils—Production of the Drying Oils by Expression and Extraction; Refining and 
Bleaching; Oil Cakes and Meal; The Refining and Bleaching of the Drying Oils; The 
Bleaching of Linseed Oil—The Manufacture of Boiled Oil; The Preparation of Drying Oils 
for Use in the Grinding of Paints and Artists’ Colours and in the Manufacture of Varnishes 
by Heating over a Fire or by Steam, by the Cold Process, by the Action of Air, and by Means 
of the Electric Current; The Driers used in Boiling Linseed Oil; The Manufacture of Boiled 
Oil and the Apparatus therefor; Livache’s Process for Preparing a Good Drying Oil and its 
Practical Application—The Preparation of Varnishes for Letterpress, Lithographic and Copper¬ 
plate Printing, for Oilcloth and Waterproof Fabrics: The Manufacture of Thickened Linseed 
Oil, Burnt Oil, Stand Oil by Fire Heat, Superheated Steam, and by a Current of Air—Behaviour 
of the Drying Oils and Boiled Oils towards Atmospheric Influences, Water, Acids and Alkalies 
—Boiled Oil Substitutes—The Manufacture of Solid and Liquid Driers from Linseed Oil and 
Rosin; Linolic Acid Compounds of the Driers—The Adulteration and Examination of the 
Drying Oils and Boiled Oil. 

Oils, Fats, Waxes, Greases, 
Petroleum. 

LUBRICATING OILS, PATS AND GREASES: Their 
Origin, Preparation, Properties, Uses and Analyses. A Handbook for 
Oil Manufacturers, Refiners and Merchants, and the Oil and Fat 
Industry in General. By George H. Hurst, F.C.S. Second Revised 
and Enlarged Edition. Sixty-five Illustrations. 317 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, 11s. home; 11s. 3d. abroad.) 

Contents. 
Introductory—Hydrocarbon Oils—Scotch Shale Oils—Petroleum—Vegetable and 

Animal Oils—Testing and Adulteration of Oils—Lubricating Greases—Lubrication- 
Appendices—Index. 
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TECHNOLOGY OF PETROLEUM : Oil Fields of the 
World—Their History, Geography and Geology—Annual Production 
and Development—Oil-well Drilling—Transport. By Henry Neu- 

berger and Henry Noalhat. Translated from the French by J. G. 
McIntosh. 550 pp. 153 Illustrations. 26 Plates. Super Royal 8vo* 
Price 21s. net. (Post free, 21s. 9d. home; 23s. 6d. abroad.) 

Contents. 
Study of the Petroliferous Strata, 
Excavations—Hand Excavation or Hand Digging of Oil Wells. 
Methods of Boring. 
Accidents—Boring Accidents—Methods of preventing them—Methods of remedying them 

—Explosives and the use of the “Torpedo” Levigation—Storing and Transport of Petroleum 
—General Advice—Prospecting, Management and carrying on of Petroleum Boring Operations. 

General Data—Customary Formulae—Memento. Practical Part. General Data 
bearing on Petroleum—Glossary of Technical Terms used in the Petroleum Industry—Copious 
Index. 

MINERAL WAXES : Their Preparation and Uses. By 
Rudolf Gregorius. Translated from the German. Crown 8vo. 250' 
pp. 32 Illustrations. Price 6s. net. (Post free, 6s. 4d. home; 
6s. 6d. abroad.) 

Contents. 
Ozokerite—Ceresine—Paraffin—Refining: Paraffin—Mineral Wax—Appliances for 

Extracting, Distilling and Refining Ozokerite—Uses of Ceresine, Paraffin and 
Mineral Waxes—Paint and Varnish Removers—Leather and Piston=Rod Greases— 
Recipes for Silk, Cotton and Linen Dressings—Candles. 

THE- PRACTICAL COMPOUNDING OF OILS, TAL¬ 
LOW AND GREASE FOR LUBRICATION, ETC. 
By An Expert Oil Refiner. Second Edition. 100 pp. Demy 8vo„ 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Introductory Remarks on the General Nomenclature of Oils, Tallow and Greases 

suitable for Lubrication — Hydrocarbon Oils —Animal and Fish Oils —Compound 
Oils—Vegetable Oils—Lamp Oils—Engine Tallow, Solidified Oils and Petroleum 
Jelly — Machinery Greases: Loco and Antifriction—Clarifying and Utilisation 
of Waste Fats, Oils, Tank Bottoms, Drainings of Barrels and Drums, Pickings 
Up, Dregs, etc.—The Fixing and Cleaning of Oil Tanks, etc.—Appendix and 
General Information. 

ANIMAL FATS AND OILS: Their Practical Production,. 
Purification and Uses for a great Variety of Purposes. Their Pro¬ 
perties, Falsification and Examination. Translated from the German 
of Louis Edgar Andes. Sixty-two Illustrations. 240 pp. Second 
Edition, Revised and Enlarged. Demy 8vo. Price 10s. 6d. net. 
(Post free, 10s. lOd. home; 11s. 3d. abroad.) 

THE MANUFACTURE OF LUBRICANTS, SHOE 
POLISHES AND LEATHER DRESSINGS. By 
Richard Brunner. Translated from the Sixth German Edition by 
Chas. Salter. 10 Illustrations. Crown 8vo. 170 pp. Price 7s. 6d. 
net. (Post free, 7s. lOd. home; 8s. abroad.) 

THE OIL MERCHANTS’ MANUAL AND OIL TRADE 
READY RECKONER. Compiled by Frank F. Sherriff.. 

Second Edition Revised and Enlarged. Demy 8vo. 214 pp. 1904. 
With Two Sheets of Tables. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. 3d. abroad.) 

Contents. 
Trade Terms and Customs—Tables to Ascertain Value of Oil sold per cwt. or ton—Specific 

Gravity Tables—Percentage Tare Tables—Petroleum Tables—Paraffine and Benzoline Calcu¬ 
lations—Customary Drafts—Tables for Calculating Allowance for Dirt, Water, etc.—Capacity 
of Circular Tanks, Tables, etc. etc. 
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VEGETABLE FATS AND OILS: Their Practical Prepara¬ 
tion, Purification and Employment for Various Purposes, their Proper¬ 
ties, Adulteration and Examination. Translated from the German of 
Louis Edgar Andes. Ninety-four Illustrations. 340 pp. Second 
Edition. Demy 8vo. Price 10s. 6d. net. (Post free, 11s. home; 
11s. 6d. abroad.) 

EDIBLE FATS AND OILS: Their Composition, Manufacture 
and Analysis. By W. H. Simmons, B.Sc. (Lond.), F.C.S. 

[In preparation. 
The Contents will include the Constitution of Oils and Fats ; Raw Materials; Bleaching, 

Deodorising and Refining; Butter; Lard; Margarine; Salad Oils; Chocolate Cream ; 
Analysis of Raw Materials ; Statistics. 

Essential Oils and Perfumes. 
THE CHEMISTRY OF ESSENTIAL OILS AND ARTI- 

FICIAL PERFUMES. By Ernest J. Parry, B.Sc. 
(Lond.), F.I.C., F.C.S. Second Edition, Revised and Enlarged. 552 pp. 
20 Illustrations. Demy 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 
13s. 6d. abroad.) 

Contents. 
Chapter I. The General Properties of Essential Oils. II. Compounds occurring in 

Essential Oils : (I.) The Terpenes—Sesquiterpenes—Olefinic Terpenes and Sesquiterpenes— 
Pinene—(II.) The Camphor Series—(III.) The Geraniol and Citronellol Group—The Geraniol 
and Citronellol Series—(IV.) Benzene Compounds : Cymene—Phenols and their Derivatives 
—Phenols with Nine Carbon Atoms—Phenols with Ten Carbon Atoms—Alcohols—Aldehydes 
—Ketones—Acids—(V.) Aliphatic Compounds : Alcohols—Acids—Aldehydes—Sulphur Com¬ 
pounds—Other Bodies. III. The Preparation of Essential Oils : Expression—Distillation 
—Extraction. IV. The Analysis of Essential Oils : Specific Gravity—Optical Methods: 
(1) Refraction (2) Polarimetry, Melting and Solidifying Points—Boiling Point and Distillation 
—Quantitative Estimations of Constituents—Aldehydes, Ketones and Oils on which a Direct 
Determination can be made. V. Systematic Study of the Essential Oils. VI. 
Chemistry of Artificial Perfumes. Appendix I. Table on Constants of the more 
important Essential Oils. Appendix II. Table of Pharmacopceial Standards. Index. 

Soaps. 
SOAPS. A Practical Manual of the Manufacture of Domestic, 

Toilet and other Soaps. By George H. Hurst, F.C.S. 2nd edition. 
390 pp. 66 Illustrations. Price 12s. 6d. net. (Post free, 13s. home; 
13s. 6d. abroad.) 

Contents. 
Introductory—Soap=maker's Alkalies—Soap Fats and Oils—Perfumes—Water as 

a Soap Material—Soap Machinery—Technology of Soap=making—Glycerine in Soap 
Lyes—Laying out a Soap Factory—Soap Analysis—Appendices. 

TEXTILE SOAPS AND OILS. Handbook on the Prepara¬ 
tion, Properties and Analysis of the Soaps and Oils used in Textile 
Manufacturing, Dyeing and Printing. By George H. Hurst, F.C.S. 
Crown 8vo. 195 pp. 1904. Price 5s. net. (Post free, 5s. 4d. home ; 
5s. 6d. abroad.) 

THE HANDBOOK OF SOAP MANUFACTURE. By 
Wm. H. Simmons, B.Sc. (Lond.), F.C.S. and H. A. Appleton. Demy 
8vo. 160 pp. 27 Illustrations. Price 8s. 6d. net. (Post free, 
8s. lOd. home; 9s. abroad.) 

Contents. 
Definition of Soap.—Properties—Hydrolysis—Detergent Action. Constitution of Oils 

and Fats, and their Saponification.—Researches of Chevreul and Berthelot—Mixed 
Glycerides—Modern Theories of Saponification—Hydrolysis accelerated by (1) Heat or 
Electricity, (2) Ferments, Castor-seed Ferment, Steapsin Emulsin and (3) Chemical 
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Contents of “Handbook of Soap 1VI an uf act u ret "—continued. 

Reagents, Sulphuric Acid, Twitchell’s Reagent, Hydrochloric Acid, Lime, Magnesia, Zinc 
Oxide, Soda and Potash. Raw Materials used in Soap-making.—Fats and Oils—Waste 
Fats—Fatty Acids—Less-known Oils and Fats of Limited Use—Various New Fats and Oils 
Suggested for Soap-making—Rosin—Alkali (Caustic and Carbonated)—Water— alt—Soap- 
stock. Bleaching and Treatment of Raw Materials intended for Soap-making.— 
Palm Oil—Cottonseed Oil—Cottonseed “ Foots”—Vegetable Oils—Animal Fats—Bone Fat— 
Rosin. Soap= making.—Classification of Soaps—Direct combination of Fatty Acids with 
Alkali—Cold Process Soaps—Saponification under Increased or Diminished Pressure—Soft 
Soap—Marine Soap—Hydrated Soaps, Smooth and Marbled—Pasting or Saponification— 
Graining Out—Boiling on Strength—Fitting—Curd Soaps—Curd Mottled—Blue and Grey 
Mottled Soaps—Milling Base—Yellow Household Soaps—Resting of Pans and Settling of 
Soap—Utilisation of Nigres—Transparent Soaps—Saponifying Mineral Oil—Electrical Pro¬ 
duction of Soap. Treatment of Settled Soap.—Cleansing—Crutching—Liquoring of Soaps 
—Filling—Neutralising, Colouring and Perfuming—Disinfectant Soaps—Framing—Slabbing 
—Barring—Open and Close Piling—Drying—Stamping—Cooling. Toilet, Textile and 
Miscellaneous Soaps.—Toilet Soaps—Cold Process Soaps—Settled Boiled Soap—Remelted 
Soaps—Milled Soaps—Drying, Milling and Incorporating Colour, Perfumes, or Medicaments 
—Perfumes—Colouring Matter—Neutralising and Super-fatting Material—Compressing— 
Cutting—Stamping—Medicated Soaps—Ether Soap—Floating Soaps—Shaving Soaps— 
Textile Soaps—Soaps for Woollen, Cotton and Silk Industries—Patent Textile Soaps— 
Miscellaneous Soaps. Soap Perfumes. —Essential Oils—Source and Preparation—Properties 
—Artificial and Synthetic Perfumes. Glycerine Manufacture and Purification.—Treat¬ 
ment of Lyes—Evaporation—Crude Glycerine—Distillation—Distilled and Dynamite 
Glycerine—Chemically Pure Glycerine—Animal Charcoal for Decolorisation—Glycerine 
resultant from other methods of Saponification—Yield of Glycerine from Fats and Oils. 
Analysis of Raw Materials, Soap and Glycerine.—Fats and Oils—Alkalies and Alkali 
Salts—Essential Oils—Soap—Lyes—Crude Glycerine. Statistics of the Soap Industry. 
Appendix A.—Comparison of Degrees Twaddell, Beaume and Actual Densities. 
Appendix B.—Comparison of Different Thermometric Scales. Appendix C.—Table of; 
the Specific Gravities of Solutions of Caustic Soda. Appendix D.—Table of Strength, 
of Caustic Potash Solutions at 6o° F. Index. 

Cosmetical Preparations. 
COSMETICS : MANUFACTURE, EMPLOYMENT 

AND TESTING OF ALL COSMETIC MATERIALS 
AND COSMETIC SPECIALITIES. Translated 
from the German of Dr. Theodor Roller. Crown 8vo. 262 pp. 
Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 
Purposes and Uses of, and Ingredients used in the Preparation of Cosmetics—Preparation of 

Perfumes by Pressure, Distillation, Maceration, Absorption or Enfleurage, and Extraction 
Methods—Chemical and Animal Products used in the Preparation of Cosmetics—Oils and Fats 
used in the Preparation of Cosmetics—General Cosmetic Preparations—Mouth Washes and 
Tooth Pastes—Hair Dyes, Hair Restorers .and Depilatories—Cosmetic Adjuncts and 
Specialities—Colouring Cosmetic Preparations—Antiseptic Washes and Soaps—Toilet and 
Hygienic Soaps—Secret Preparations for Skin, Complexion, Teeth, Mouth, etc.—Testing andi 
Examining the Materials Employed in the Manufacture of Cosmetics—Index. 

Glue, Bone Products and 
3Ianures. 

GLUE AND GLUE TESTING. By Samuel Rideal, D.Sc. 
(Lond.), F.I.C. Fourteen Engravings. 144 pp. Demy 8vo. Price 
10s. 6d. net. (Post free, 10s. lOd. home ; 11s. abroad.) 

Contents. 
Constitution and Properties: Definitions and Sources, Gelatine, Chondrin and Allied 

Bodies, Physical and Chemical Properties, Classification, Grades and Commercial Varieties- 
—Raw Materials and Manufacture : Glue Stock, Lining, Extraction, Washing and Clari¬ 
fying, Filter Presses, Water Supply, Use of Alkalies, Action of Bacteria and of Antiseptics 
Various Processes, Cleansing, Forming, Drying, Crushing, etc., Secondary Products—Uses 
of Glue : Selection and Preparation for Use, Carpentry, Veneering, Paper-Making, Book 
binding, Printing Rollers, Hectographs, Match Manufacture, Sandpaper, etc.. Substitutes for 
other Materials, Artificial Leather and Caoutchouc—Gelatine : General Characters, Liquid 
Gelatine, Photographic Uses, Size, Tanno-, Chrome and Formo-Gelatine, Artificial Silk, 
Cements, Pneumatic Tyres, Culinary, Meat Extracts, Isinglass, Medicinal and other Uses* 
Bacteriology—Glue Testing: Review ot Processes, Chemical Examination, Adulteration 
Physical Tests, Valuation of Raw Materials—Commercial Aspects. 
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BONE PRODUCTS AND MANURES : An Account of the 
most recent Improvements in the Manufacture of Fat, Glue, Animal 
Charcoal, Size, Gelatine and Manures. By Thomas Lambert, Techni¬ 
cal and Consulting Chemist. Illustrated by Twenty-one Plans and 
Diagrams. 162 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. abroad.) 

Contents. 
Chemical Composition of Bones—Arrangement of Factory—Properties of Glue—Glutin 

and Chondrin—Skin Glue—Liming of Skins—Washing—Boiling of Skins—Clarification of Glue 
Liquors—Glue-Boiling and Clarifying-House—Specification of a Glue—Size—Uses and Pre¬ 
paration and Composition of Size—Concentrated Size—Properties of Gelatine—Preparation 
of Skin Gelatine—Drying—Bone Gelatine—Selecting Bones—Crushing—Dissolving—Bleaching 
—Boiling—Properties of Glutin and Chondrin—Testing of Glues and Gelatines—The Uses of 
Glue, Gelatine and Size in Various Trades—Soluble and Liquid Glues—Steam and Waterproof 
Glues—Manures—Importation of Food Stuffs—Soils—Germination—Plant Life—Natural 
Manures—Water and Nitrogen in Farmyard Manure—Full Analysis of Farmyard Manure 
—Action on Crops—Water-Closet System—Sewage Manure—Green Manures—Artificial 
Manures—Mineral Manures—Nitrogenous Matters—Shoddy—Hoofs and Horns—Leather 
Waste—Dried Meat—Dried Blood—Superphosphates—Composition—Manufacture—Common 
Raw Bones—Degreased Bones—Crude Fat—Refined Fat—Degelatinised Bones—Animal 
Chareoal—Bone Superphosphates—Guanos—Dried Animal Products—Potash Compounds— 
Sulphate of Ammonia—Extraction in Zacuo—French and British Gelatines compared—Index. 

Chemicals, Waste Products and 
Agricultural Chemistry. 

REISSUE OF CHEMICAL ESSAYS OF C. W. 
SCHEELE. First Published in English in 1786. Trans¬ 
lated from the Academy of Sciences at Stockholm, with Additions. 300 
pp. Demy 8vo. Price 5s. net. (Post free, 5s. 6d. home ; 5s. 9d. abroad.) 

Contents. 
Memoir: C. W. Scheele and his work (written for this edition by J. G. McIntosh)—On 

Fluor Mineral and its Acid—On Fluor Mineral—Chemical Investigation of Fluor Acid, 
with a View to the Earth which it Yields, by Mr. Wiegler—Additional Information 
Concerning Fluor Minerals—On Manganese, Magnesium, or Magnesia Vitrariorum — On 
Arsenic and its Acid—Remarks upon Salts of Benzoin—On Silex, Clay and Alum—Analysis 
of the Calculus Vesical—Method of Preparing Mercurius Dulcis Via Humida—Cheaper and 
more Convenient Method of Preparing Pulvis Algarothi—Experiments upon Molybdsena 
—Experiments on Plumbago—Method of Preparing a New Green Colour—Of the De¬ 
composition of Neutral Salts by Unslaked Lime and Iron—On the Quantity of Pure Air which 
is Daily Present in our Atmosphere—On Milk and its Acid—On the Acid of Saccharum Lactis 
—On the Constituent Parts of Lapis Ponderosus or Tungsten—Experiments and Observations 
on Ether—Index. 

THE MANUFACTURE OF ALUM AND THE SUL¬ 
PHATES AND OTHER SALTS OF ALUMINA AND 
IRON. Their Uses and Applications as Mordants in Dyeing 
and Calico Printing, and their other Applications in the Arts, Manufac¬ 
tures, Sanitary Engineering, Agriculture and Horticulture. Translated 
from the French of Lucien Geschwind. 195 Illustrations. 400 pp. 
Royal 8vo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d abroad.) 

AMMONIA AND ITS COMPOUNDS : Their Manufacture 
and Uses. By Camille Vincent, Professor at the Central School of 
Arts and Manufactures, Paris. Translated from the French by M. J. 
Salter. Royal 8vo. 114 pp. Thirty-two Illustrations. Price5s.net. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 
General Considerations: Various Sources of Ammoniacal Products; Human Urine 

as a Source of Ammonia—Extraction of Ammoniacal Products from Sewage- 
Extraction of Ammonia from Gas Liquor—Manufacture of Ammoniacal Com= 
pounds from Bones, Nitrogenous Waste, Beetroot Wash and Peat—Manufacture ol 
Caustic Ammonia, and Ammonium Chloride, Phosphate and Carbonate—Recovery 
of Ammonia from the Ammonia=Soda Mother Liquors—Index. 
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INDUSTRIAL ALCOHOL. A Practical Manual on the 
Production and Use of Alcohol for Industrial Purposes and for Use as 
a Heating Agent, as an Illuminant and as a Source of Motive Power. 
By J. G. M‘Intosh, Lecturer on Manufacture and Applications of 
Industrial Alcohol at The Polytechnic, Regent Street, London. 
Demy 8vo. 1907. 250 pp. With 75 Illustrations and 25 Tables. 
Price 7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.) 

Contents. 
Alcohol and its Properties.—Ethylic Alcohol—Absolute Alcohol—Adulterations— 

Properties of Alcohol—Fractional Distillation—Destructive Distillation—Products of Com¬ 
bustion—Alcoholometry—Proof Spirit—Analysis of Alcohol—Table showing Correspondence 
between the Specific Gravity and Per Cents, of Alcohol over and under Proof—Other 
Alcohol Tables. Continuous Aseptic and Antiseptic Fermentation and Sterilisation 
in Industrial Alcohol Manufacture. The Manufacture of Industrial Alcohol from 
Beets.—Beet Slicing Machines—Extraction of Beet Juice by Maceration, by Diffusion— 
Fermentation in Beet Distilleries—Plans of Modern Beet Distillery. The Manufacture of 
Industrial Alcohol from Grain.—Plan of Modern Grain Distillery. The Manufacture of 
Industrial Alcohol from Potatoes. The Manufacture of Industrial Alcohol from 
Surplus Stocks of Wine, Spoilt Wine, Wine Marcs, and from Fruit in General. The Manu¬ 
facture of Alcohol from the Sugar Cane and Sugar Cane Molasses—Plans. Plant, etc., 
for the Distillation and Rectification of Industrial Alcohol.—The Caffey and other 
“Patent” Stills—Intermittent versus Continuous Rectification—Continuous Distillation— 
Rectification of Spent Wash. The Manufacture and Uses of Various Alcohol 
Derivatives, Ether, Haloid Ethers, Compound Ethers, Chloroform—Methyl and Amyl 
Alcohols and their Ethereal Salts, Acetone—Barbet’s Ether, Methyl Alcohol and Acetone 
Rectifying Stills. The Uses of Alcohol in Manufactures, etc.—List of Industries in 
which Alcohol is used, with Key to Function of Alcohol in each Industry. The Uses of 
Alcohol for Lighting, Heating, and Motive Power. 

ANALYSIS OF RESINS AND BALSAMS. Translated 
from the German of Dr. Karl Dieterich. Demy 8vo. 340 pp. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. abroad.) 

MANUAL OF AGRICULTURAL CHEMISTRY. By 
Herbert Ingle, F.I.C., Late Lecturer on Agricultural Chemistry, the 
Leeds University; Lecturer in the Victoria University. Second 
Edition, with additional matter relating to Tropical Agriculture, etc. 
438 pp. 11 Illustrations. Demy 8vo. Price 7s. 6d. net. (Post free, 
8s. home ; 8s. 6d. abroad.) 

Contents. 
Properties and Characteristics of the Elements.—Hydrogen—Oxygen—Heat of Com¬ 

bustion—Nitrogen — Carbon — Sulphur — Phosphorous— Potassium — Sodium — Fluorine — 
Magnesium—Iron—Chlorine—Aluminium—Silicon—Borax. The Atmosphere.—Nitrogen— 
Oxygen—Argon—Carbon Dioxide—Ammonia—Nitric Acid—Ozone—Solid Matter. The Soil. 
—Classification of Rocks—Quartz—Felspar—Mica—Clay—Sandstones—Shales—Limestones 
—Calcareous Rocks—Transported Soils. Formation of Soils.—By Water, Air, Earth 
Worms, Vegetation and Bacteria—Sand—Clay—Limestone—Humus—Classification of Soils. 
Reactions in Soils.—Diffusion—Gravitation—Nitrification—Soil Gases—Water of the Soil— 
Biology of the Soil—Electrolytic Dissociation Theory—Mass Action. Analysis of Soils.— 
Sampling—Mechanical and Chemical Analyses—Determination of Silica, Alumina, Ferric 
Oxide, Total Potash and Phosphoric Acid, Lime, Magnesia, Calcium Carbonate, Sulphuric 
Acid, Nitrates and Nitrites. Natural Manures.—Improvement of Soils—Farmyard Manure 
—Composition of Animal Excreta—Use of Litter, Straw, Peat, Bracken, Leaves, Sawdust, 
Tanners’ Refuse—Fermentation and Preservation of Farmyard Manure. Other Organic 
Manures.—Guano—Poultry and Fish Manures—Seaweed—Dried Blood—Bones—Meat 
Guano—Hair—Soot—Oil-cakes. Nitrogenous Manures.—Sodium Nitrate—Ammonium 
Sulphate—Phosphatic Manures—Tricalcum Phosphate—Coprolites—Phosphorites—Mineral 
Superphosphates—Basic Slag—Potash Manures—Composition of Principal Potash Salts— 
Various Manures—Common Salt—Gypsum—Limestone—Ferrous Sulphate—Gas Lime— 
Copper Sulphate. Analysis of Manures.—Constituents—Determination of Nitrogen— 
Phosphoric Acid—Potassium—Valuation of Manures from Analysis. Constituents of 
Plants.—Carbohydrates—Sugars—Starch—Dextrin—Glycogen—Inulin—Gums—Cellulose — 
Glucose—Fructose—Cane Sugar—Meletrose—Arabinose—Xylose—Lignose—Pectose— Gly¬ 
cerol—Waxes—Organic Acids and their Salts. Essential Oils and Resins.—Terpenes— 
Oxygenated Essential Oils—Essential Oils containing Sulphur—Resins. Nitrogenous Sub- 
stances.—Albuminoids—Amides—Alkaloids—Chlorophyll. The Plant. — Germination — 
Roots—Osmotic Pressure—Leaves—Assimilation—Flowers. Crops.—Cereals—Root Crops 
—Fodder Crops—Hay—Ventilating Stacks—Silage—Composition of Crops. The Animal.— 
Blood—Bones—Fatty Tissue—Muscle—Digestion—Bile—Urine. Foods and Feeding.— 
Composition of Oil-cake—Bye-Products as Foods—Digestibility of Foods—Calorific Value of 
Foods—Feeding Standards—Manurial Value of Foods. Milk and Milk Products.—Fat— 
Albuminoids—Milk Sugar—Chemical Composition of Cow’s Milk—Influence of Food, Season 
and Milking Time—Milk Products—Cream—Skimmed Milk—Butter—Butter-milk—Cheese— 
Condensed Milk—Koumiss--Milk Preservation. Analysis of Milk and Milk Products.— 
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Milk—Amount of Fat—Determination of Total Solids, Specific Gravity, Proteids, Milk Sugar 
—Adulteration of Milk—Detection of Preservatives—Butter—Butter Colouring—Cheese— 
Milk Standards. Various Products used in Agriculture.—Arsenious Oxide—Bleaching 
Powder—Copper Salts—Disinfectants—Fungicides—Iron Sulphate-Mercuric Chloride— 
Plant Poisons. Appendix.—Atomic Weights—Hydrometer Scales—Metric System— 
Solubilities. Tropical Agriculture, etc.—Composition of Rain Water—Irrigation Water— 
Earth Worms—Motion of Water in Soil—Analysis of Soils—Green Manuring—Kraal Manure 
—Bats’ Guano—Artificial Manures—The Plant—Rice—Maize—Millet—Cotton—Flax—Castor 
Seeds—Sunflower—Composition of Various South African Grown Crops—Ash Constituents of 
Foods—Variations in the Composition of Milk—Butter—Fat—Bordeaux Mixture—Insecticides. 

THE UTILISATION OF WASTE PRODUCTS. A Treatise 
on the Rational Utilisation, Recovery and Treatment of Waste Pro¬ 
ducts of all kinds. By Dr. Theodor Roller. Translated from the 
Second Revised German Edition. Twenty-two Illustrations. Demy 
8vo. 280 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. 
abroad.) 

THE MANUFACTURE OF CHEMICAL MANURES. 
From the French of J. Fritsch. With 70 Illustrations and 4 Plates. 

[In preparation. 
The Contents will include Superphosphates, Guanos, Nitrate of Soda, Dried Blood, Sulphate 

of Ammonia, Potashes, etc. 

Writing Inks and Sealing Waxes. 
INK MANUFACTURE : Including Writing, Copying, Litho¬ 

graphic, Marking, Stamping, and Laundry Inks. By Sigmund Lehner. 

Three Illustrations. Crown 8vo. 162 pp. Translated from the German 
of the Fifth Edition. Price 5s. net. (Post free, 5s. 3d. home; 5s. 6d. 
abroad.) 

SEALING-WAXES, WAFERS AND OTHER ADHES¬ 
IVES FOR THE HOUSEHOLD, OFFICE, WORK¬ 
SHOP AND FACTORY. By H. C. Standage. Crown 
8vo. 96 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.) 

Contents. 
Materials Used for Making Sealing=Waxes—The Manufacture of Sealing-Waxes— 

Wafers—Notes on the Nature of the Materials Used in Making Adhesive Compounds—Cements 
for Use in the Household—Office Gums, Pastes and Mucilages—Adhesive Compounds for 
Factory and Workshop Use. 

Lead Ores and Compounds. 
LEAD AND ITS COMPOUNDS. By Thos. Lambert, 

Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus¬ 
trations. Price 7s. 6d. net. (Post free, 7s. lOd. home; 8s. 3d. abroad.) 

'Contents. 
History—Ores of Lead—Geographical Distribution of the Lead Industry—Chemical and 

Physical Properties of Lead—Alloys of Lead—Compounds of Lead—Dressing of Lead Ores 
—Smelting of Lead Ores—Smelting in the Scotch or American Ore-hearth—Smelting in the 
Shaft or Blast Furnace—Condensation of Lead Fume—Desilverisation, or the Separation 
of Silver from Argentiferous Lead—Cupellation—The Manufacture of Lead Pipes and 
Sheets—Protoxide of Lead—Litharge and Massicot—Red Lead or Minium—Lead Poisoning 
—Lead Substitutes—Zinc and its Compounds—Pumice Stone—Drying Oils and Siccatives 
—Oil of Turpentine Resin—Classification of Mineral Pigments—Analysis of Raw and Finished 
Products—Tables—Index. 

NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas. Fairie, F.G.S. Crown 8vo. 64 pages. Price Is. net. 
(Post free, Is. 3d. home; Is. 4d. abroad.) 

{White Lead and Zinc White Paints, see p. 4.) 
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Industrial Hygiene. 
THE RISKS AND DANGERS TO HEALTH OF VARI¬ 

OUS OCCUPATIONS AND THEIR PREVENTION. 
By Leonard A. Parry, M.D., B.Sc. (Lond.). 196 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Occupations which are Accompanied by the Generation and Scattering of Abnormal 

Quantities of Dust—Trades in which there is Danger of Metallic Poisoning—Certain Chemi¬ 
cal Trades—Some Miscellaneous Occupations—Trades in which Various Poisonous Vapours 
are Inhaled—General Hygienic Considerations—Index. 

Industrial Uses of Air, Steam and 
Water. 

DRYING BY MEANS OF AIR AND STEAM. Explana- 

tions, Formulae, and Tables for Use in Practice. Translated from the 
German of E. Hausbrand. Two folding Diagrams and Thirteen Tables. 
Crown 8vo. 72 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 6d. 
abroad.) Contents. 

British and Metric Systems Compared—Centigrade and Fahr. Thermometers—Estimation 
of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 kilo, 
of Air at Different Pressure and Temperatures—Calculation of the Necessary Weight and 
Volume of Air, and of the Least Expenditure of Heat, per Drying Apparatus with Heated 
Air, at the Atmospheric Pressure: A, With the Assumption that the Air is Completely Satur¬ 
ated with Vapour both before Entry and after Exit from the Apparatus—B, When the 
Atmospheric Air is Completely Saturated before entry, but at its exit is only §, \ or J Saturated 
—C, When the Atmospheric Air is not Saturated with Moisture before Entering the Drying 
Apparatus—Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially 
Created, Higher or Lower than that of the Atmosphere—Drying by Means of Superheated 
Steam, without Air—Heating Surface, Velocity of the Air Current, Dimensions of the Drying 
Room, Surface of the Drying Material, Losses of Heat—Index. 

(See also “ Evaporating, Condensing and Cooling Apparatus,” p. 26.) 

PURE AIR, OZONE AND WATER. A Practical Treatise 

of their” Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowell. Twelve Illustrations. Crown 
8vo. 85 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 6d. abroad.) 

Contents. 
Atmospheric Air; Lifting of Liquids; Suction Process; Preparing Blown Oils; Preparing 

Siccative Drying Oils—Compressed Air; Whitewash—Liquid Air; Retrocession—Purification 
of Water; Water Hardness—Fleshings and Bones—Ozonised Air in the Bleaching and De¬ 
odorising of Fats, Glues, etc.; Bleaching Textile Fibres—Appendix: Air and Gases; Pressure 
of Air at Various Temperatures; Fuel; Table of Combustibles; Saving of Fuel by Heating 
Feed Water; Table of Solubilities of Scale Making Minerals; British Thermal Units Tables ; 
Volume of the Flow of Steam into the Atmosphere; Temperature of Steam—Index. 

THE INDUSTRIAL USES OF WATER. COMPOSI¬ 
TION — EFFECTS—TROUBLES — REMEDIES—RE¬ 
SIDUARY WATERS—PURIFICATION—ANALYSIS. 
By H. de la Coux. Royal 8vo. Translated from the French and 
Revised by Arthur Morris. 364 pp. 135 Illustrations. Price 10s. 6d. 
net. (Post free, 11s. home; 11s. 6d. abroad.) 

Contents. 
Chemical Action of Water in Nature and in Industrial Use—Composition of Waters— 

Solubility of Certain Salts in Water Considered from the Industrial Point of View—Effects on 
the Boiling of Water—Effects of Water in the Industries—Difficulties with Water—Feed 
Water for Boilers—Water in Dyeworks, Print Works, and Bleach Works—Water in the 
Textile Industries and in Conditioning—Water in Soap Works—Water in Laundries and 
Washhouses—Water in Tanning—Water in Preparing Tannin and Dyewood Extracts—Water 
in Papermaking—Water in Photography—Water in Sugar Refining—Water in Making Ices 
and Beverages—Water in Cider Making—Water in Brewing—Water in Distilling—Preliminary 
Treatment and Apparatus—Substances Used for Preliminary Chemical Purification—Com¬ 
mercial Specialities and their Employment—Precipitation of Matters in Suspension in Water 
—Apparatus for the Preliminary Chemical Purification of Water—Industrial Filters—Indus¬ 
trial Sterilisation of Water—Residuary Waters and their Purification—Soil Filtration— 
Purification by Chemical Processes—Analyses—Index. 

(See Books on Smoke Prevention, Engineering and Metallurgy, p. 26, etc.) 
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X Rays. 
PRACTICAL X RAY WORK. By Frank T. Addyman, 

B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London ; 
Radiographer to St. George’s Hospital; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George’s Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. Pricel0s.6d.net. (Post free, 
10s. lOd. home; 11s. 3d. abroad.) 

Contents. 
Historical—Work leading up to the Discovery of the X Rays—The Discovery—Appara = 

tus and its Management—Electrical Terms—Sources of Electricity—Induction Coils— 
Electrostatic Machines—Tubes—Air Pumps—Tube Holders and Stereoscopic Apparatus— 
Fluorescent Screens—Practical X Ray Work—Installations—Radioscopy—Radiography— 
X Rays in Dentistry—X Rays in Chemistry—X Rays in War—Index. 

List of Plates. 
Frontispiece—Congenital Dislocation of Hip-Joint.—I., Needle in Finger.—II., Needle in 

Foot.—III., Revolver Bullet in Calf and Leg.—IV., A Method of Localisation.—V , Stellate 
Fracture of Patella showing shadow of “Strapping”.—VI., Sarcoma.—VII., Six-weeks-old 
Injury to Elbow showing new Growth of Bone.—VIII., Old Fracture of Tibia and Fibula 
badly set.—IX., Heart Shadow.—X., Fractured Femur showing Grain of Splint.—XI., Bar¬ 
ren’s Method of Localisation. 

India-Rubber and Gutta Percha. 
INDIA-RUBBER AND GUTTA PERCHA. Second 

English Edition, Revised and Enlarged. Based on the French work of 
T. Seeligmann, G. Lamy Torvilhon and H. Falconnet by John 
Geddes McIntosh. Royal 8vo. 400 pages. Over 100 Illustrations. 
Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

Contents. 
India-Rubber—Botanical Origin—Climatology—Soil—Rational Culture and Acclimation 

of the Different Species of India-Rubber Plants—Methods of Obtaining the Latex—Methods 
of Preparing Raw or Crude India-Rubber—Classification of the Commercial Species of 
Raw Rubber—Physical and Chemical Properties of the Latex and of India-Rubber— 
Mechanical Transformation of Natural Caoutchouc into Washed or Normal Caoutchouc 
(Purification) and Normal Rubber into Masticated Rubber—Softening, Cutting, Washing, 
Drying—Preliminary Observations—Vulcanisation of Normal Rubber—Chemical and Physical 
Properties of Vulcanised Rubber—General Considerations—Hardened Rubber or Ebonite— 
Considerations on Mineralisation and other Mixtures—Coloration and Dyeing—Analysis 
of Natural or Normal Rubber and Vulcanised Rubber—Rubber Substitutes—Imitation Rubber. 

Gutta Percha—Botanical Origin—Climatology—Soil—Rational Culture—Methods of 
Collection—Classification of the Different Species of Commercial Gutta Percha—Physical 
and Chemical Properties—Mechanical Transformation—Methods of Analysing—Gutta Percha 
Substitutes—Index. 

Leather Trades. 
PRACTICAL TREATISE ON THE LEATHER IN- 

DUSTRY. By A. M. Villon. Translated by Frank T. 
Addyman, B.Sc. (Lond.), F.I.C., F.C.S.; and Corrected by an Emi¬ 
nent Member of the Trade. 500 pp., royal 8vo. 123 Illustrations. 
Price 21s. net. (Post free, 21s. 6d. home; 22s. 6d. abroad.) 

Contents. 
Preface—Translator’s Preface—List of Illustrations. 
Part I., Materials used in Tanning—Skins: Skin and its Structure; Skins used in 

Tanning; Various Skins and their Uses—Tannin and Tanning Substances: Tannin; Barks 
(Oak); Barks other than Oak; Tanning Woods; Tannin-bearing Leaves; Excrescences ; 
Tan-bearing Fruits; Tan-bearing Roots and Bulbs; Tanning Juices; Tanning Substances 
used in Various Countries; Tannin Extracts; Estimation of Tannin and Tannin Principles. 

Part II., Tanning—The Installation of a Tannery: Tan Furnaces; Chimneys, Boilers, 
etc.; Steam Engines—Grinding and Trituration of Tanning Substances: Cutting up Bark; 
Grinding Bark; The Grinding of Tan Woods; Powdering Fruit, Galls and Grains; Notes on 
the Grinding of Bark—Manufacture of Sole Leather: Soaking; Sweating and Unhairing; 
Plumping and Colouring; Handling; Tanning; Tanning Elephants’ Hides; Drying; 
Striking or Pinning—Manufacture of Dressing Leather: Soaking; Depilation; New Pro¬ 
cesses for the Depilation of Skins; Tanning; Cow Hides; Horse Hides; GoatSkins; Manu¬ 
facture of Split Hides—On Various Methods of Tanning: Mechanical Methods; Physical 
Methods; Chemical Methods; Tanning with Extracts—Quantity and Quality; Quantity; 
Net Cost; Quality of Leather—Various Manipulations of Tanned Leather: Second Tanning ; 
Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather; 
Preservation of Leather—Tanning Various Skins. 
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Part III., Currying — Waxed Calf: Preparation; Shaving; Stretching or Slicking; 
Oiling the Grain; Oiling the Flesh Side; Whitening and Graining; Waxing; Finishing; Dry 
Finishing; Finishing in Colour; Cost—White Calf: Finishing in White—Cow Hide for 
Upper Leathers: Black Cow Hide; White Cow Hide; Coloured Cow Hide—Smooth Cow 
Hide—Black Leather—Miscellaneous Hides: Horse; Goat; Waxed Goat Skin; Matt Goat 
Skin—Russia Leather: Russia Leather; Artificial Russia Leather. 

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Furs 
and Artificial Leather—Enamelled Leather: Varnish Manufacture; Application of the 
Enamel; Enamelling in Colour—Hungary Leather: Preliminary; Wet Work or Prepara¬ 
tion; Aluming; Dressing or Loft Work; Tallowing; Hungary Leather from Various Hides 
—Tawing : Preparatory Operations; Dressing; Dyeing Tawed Skins; Rugs—Chamoy Leather 
—Morocco: Preliminary Operations, Morocco Tanning; Mordants used in Morocco Manu¬ 
facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods 
of Dyeing; Dyeing with Natural Colours; Dyeing with Aniline Colours; Dyeing with 
Metallic Salts; Leather Printing; Finishing Morocco; Shagreen ; Bronzed Leather—Gilding 
and Silvering: Gilding; Silvering; Nickel and Cobalt—Parchment—Furs and Furriery: 
Preliminary Remarks; Indigenous Furs; Foreign Furs from Hot Countries; Foreign Furs 
from Cold Countries; Furs from Birds’ Skins; Preparation of Furs; Dressing; Colouring; 
Preparation of Birds’ Skins; Preservation of Furs—Artificial Leather: Leather made from 
Scraps; Compressed Leather; American Cloth; Papier Mache; Linoleum; Artificial Leather. 

Part V., Leather Testing and the Theory of Tanning—Testing and Analysis of Leather ; 
Physical Testing of Tanned Leather; Chemical Analysis—The Theory of Tanning and the 
other Operations of the Leather and Skin Industry: Theory of Soaking; Theory of Un¬ 
hairing; Theory of Swelling; Theory of Handling; Theory of Tanning; Theory of the 
Action of Tannin on the Skin; Theory of Hungary Leather Making; Theory of Tawing; 
Theory of Chamoy Leather Making; Theory of Mineral Tanning. 

Part VI., Uses of Leather—Machine Belts: Manufacture of Belting; Leather Chain 
Belts; Various Belts; Use of Belts—Boot and Shoe-making: Boots and Shoes; Laces— 
Saddlery: Composition of a Saddle; Construction of a Saddle—Harness: The Pack Saddle- 
Harness—Military Equipment—Glove Making—Carriage Building—Mechanical Uses. 

Appendix, The World’s Commerce in Leather—Europe; America; Asia; Africa: 
Australasia—Index. 

THE LEATHER WORKER’S MANUAL. Being a Com¬ 

pendium of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H. C. Standage. Demy 8vo. 165 pp. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather— 

Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and 
Liquids, etc., etc.—Leather Grinders’ Sundries—Currier’s Seasonings, Blacking Compounds, 
Dressings, Finishes, Glosses, etc.—Dyes and Stains for Leather—Miscellaneous Information 
—Chrome Tannage—Index. 

(See “ Wood Products, Distillates and Extractsp. 29). 

Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OP PRACTICAL POTTING. Compiled 

by Experts, and Edited by Chas. F. Binns. Third Edition, Revised 
and Enlarged. 200 pp. Demy 8vo. Price 17s. 6d. net. (Post free, 
17s. lOd. home; 18s. 3d. abroad.) 

Contents. 
Introduction. The Rise and Progress of the Potter’s Art—Bodies. China and Porcelain 

Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, Earthenwares 
Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, Coloured 
Bodies, Jasper Bodies, Coloured Bodies for Mosaic Painting, Encaustic Tile Bodies, Body 
Stains, Coloured Dips—Glazes. China Glazes, Ironstone Glazes, Earthenware Glazes, 
Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours—Gold and 
Gold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases, 
Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Flow Powders, Oils and Varnishes—Means and Methods. Reclamation of Waste Gold, 
The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold—Classification and 
Analysis. Classification of Clay Ware, Lord Playfair’s Analysis of Clays, The Markets of 
the World, Time and Scale ot Firing, Weights of Potter’s Material, Decorated Goods 
Count—Comparative Loss of Weight of Clays—Ground Felspar Calculations—The Conver¬ 
sion of Slop Body Recipes into Dry Weight—The Cost of Prepared Earthenware Clay— 
Forms and Tables. Articles of Apprenticeship, Manufacturer’s Guide to Stocktaking, 
Table of Relative Values of Potter's Materials, Hourly Wages Table, Workman’s Settling 
Table, Comparative Guide for Earthenware and China Manufacturers in the use of Slop Flint 
and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table for the 
Conversion of Metrical Weights and Measures on the Continent and South America—Index . 
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CERAMIC TECHNOLOGY: Being some Aspects of Tech¬ 
nical Science as Applied to Pottery Manufacture. Edited by Charles 

F. Binns. 100 pp. Demy 8vo. Price 12s. 6d. net. (Post free, 
12s. lOd. home; 13s. abroad.) 

Contents. 
Preface—The Chemistry of Pottery — Analysis and Synthesis — Clays and their Com¬ 

ponents— The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and 
Colour-making—Index. 

POTTERY DECORATING. A Description of all the Pro¬ 
cesses for Decorating Pottery and Porcelain. By R. Hainbach. 

Translated from the German. Crown 8vo. 250 pp. Twenty-two 
Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Glazes and Engobes.—Glazes and Their Composition—'Glaze Materials—The Prepara¬ 

tion of Glazes—Cojoured Glazes—Engobes and Glazes for same—Porcelain Glazes. Ceramic 
Colours.—Preparation of Pure Colours—Underglaze Colours—Applying the Colours on 
Earthenware—Glost Fire Colours—Muffle Colours—Decorating Porcelain with Metals— 
Decorating Porcelain by Electroplating—Lustre Decorating on Porcelain—Firing Muffle 
Colours—Imitation of Paintings on Porcelain—Index. 

MODERN BRICK-MAKING. By Alfred B. Searle, Ph.D. 
Illustrated. [In the press. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena¬ 

melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lefevre. 

Translated from the French by K. H. Bird, M.A., and W. Moore 

Binns. With Five Plates. 950 Illustrations in the Text, and numerous 
estimates. 500 pp., royal 8vo. Price 15s. net. (Post free, 15s. 6d. 
home ; 16s. 6d. abroad.) 

Contents. 
Part I., Plain Undecorated Pottery.—Chapter I., Clays : Sec. 1, Classification, General 

Geological Remarks—Classification, origin, locality; Sec. 2, General Properties and Composi¬ 
tion : physical properties, contraction, analysis, influence of various substances on the 
properties of clays; Sec. 3, Working of Clay Pits—I. Open pits—II. Underground pits— 
Mining Laws. Chapter II., Preparation of the Clay: Crushing cylinders and mills, pounding 
machines—Damping: damping machines—Soaking, Shortening, Pugging: horse and steam 
pug-mills, rolling cylinders—Particulars of the above machines. Chapter III., Bricks : Sec. 1, 
Manufacture—(1) Hand and machine moulding.—I. Machines working by compression : on soft 
clay, on semi-firm clay, on firm clay, on dry clay.—II. Expression machines—Dies—Cutting- 
tables—Particulars of the above machines—Types of installations—Estimates—Planishing, 
hand and steam presses, particulars—(2) Drying—Drying-rooms in tiers, closed drying-rooms, 
in tunnels, in galleries—Detailed estimates of the various drying-rooms, comparison of prices— 
Transport from the machines to the drying-rooms—(3) Firing—I. In clamps—II. In intermittent 
kilns. y4.0pen: a. using wood; b. coal; b’. in clamps ; b". flame—B. Closed : c. direct flame ; 
c'. rectangular; c". round; d. reverberatory—III. Continuous kilns. C. With solid fuel: round 
kiln, rectangular kiln, chimneys (plans and estimates)—D. With gas fuel, Fillard kiln (plans and 
estimates), Schneider kiln (plans and estimates), water-gas kiln—Heat production of the kilns; 
Sec. 2, Dimensions, Shapes, Colours, Decoration and Quality of Bricks—Hollow bricks— 
Dimensions and prices of bricks, various shapes, qualities—Various hollow bricks, dimensions 
resistance qualities ; Sec. 3, Applications—History—Asia, Africa, America, Europe : Greek, 
Roman, Byzantine, Turkish, Romanesque, Gothic, Renaissance. Chapter IV., Tiles: Sec. 1, 
History; etc. 

Part II., Made=up or Decorated Pottery.—Chapter I., General Remarks on the 
Decoration of Pottery: Dips—Glazes : composition, colouring, preparation, harmony with 
pastes—Special processes of decoration—Enamels, opaque, transparent, colours, under-glaze, 
over-glaze—Other processes. Chapter II., Glazed and Enamelled Bricks—History: Glazing 
—Enamelling—Applications—Enamelled tiles. Chapter III., Decorated Quarries: I. Paving 
Quarries—1. Decorated with dips—2. Stoneware: A. Fired to stoneware; a. of slag base— 
Applications ; b. of melting clay—Applications—B. Plain or incrusted stoneware ; a. of special 
clay (Stoke-on-Trent)—Manufacture—Application — b. Of felspar base — Colouring, manu¬ 
facture, moulding, drying, firing—Applications. II. Facing Quarries—1. In faience—A. Of 
limestone paste—B. Of silicious paste—C. Of felspar paste—Manufacture, firing—2. Of glazed 
stoneware—3. Of porcelain—Applications of facing quarries. III. Stove Quarries—Prepara¬ 
tion of the pastes, moulding, firing, enamelling, decoration—Applications. Chapter IV., 
Architectural Decorated Pottery: Sec. 1, Faiences; Sec. 2, Stoneware; Sec. 3, Porcelain. 
Chapter V., Sanitary Pottery : Stoneware Pipes—Manufacture, firing—Applications—Sinks— 
Applications—Urinals, seats and pans—Applications—Drinking fountains, wash-stands. Index. 
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BRITISH POTTERY MARKS. By G. Woolliscroft Rhead. 

Demy 8vo. With over 1,000 Illustrations of Marks and Photographs of 
Pottery. [In the press. 

THE ART OF RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howarth. Second Edition. 
Paper Cover. Price Is. net. (By post, home or abroad, Is. Id.) 

NOTES ON POTTERY CLAYS. The Distribution, Pro¬ 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 132 pp. Crown 8vo. Price 3s. 6d. 
net. (Post free, 3s. 9d. home ; 3s. lOd. abroad.) 

A Reissue of 
THE HISTORY OF THE STAFFORDSHIRE POTTER¬ 

IES; AND THE RISE AND PROGRESS OF THE 
MANUFACTURE OF POTTERY AND PORCELAIN. 
With References to Genuine Specimens, and Notices of Eminent Pot¬ 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 
Demy 8vo. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 9d. abroad.) 

Contents. 
Introductory Chapter showing the position of the Pottery Trade at the present time 

(1899)—Preliminary Remarks—The Potteries, comprising Tunstall, Brownhills, Green¬ 
field and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Longport and Dale Hall, 
Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, Fenton, Lane Delph, 
Foley, Lane End—On the Origin of the Art, and its Practice among the early Nations— 
Manufacture of Pottery, prior to 1700—The Introduction of Red Porcelain by Messrs. 
Elers, of Bradwell, 1690—Progress of the Manufacture from 1700 to Mr. Wedgwood’s 
commencement in 1760—Introduction of Fluid Glaze—Extension of the Manufacture of 
Cream Colour—Mr. Wedgwood’s Queen’s Ware—Jasper, and Appointment of Potter to Her 
Majesty—Black Printing—Introduction of Porcelain. Mr. W. Littler’s Porcelain—Mr. 
Cookworthy’s Discovery of Kaolin and Petuntse, and Patent—Sold to Mr. Champion—re¬ 
sold to the New Hall Com.—Extension of Term—Blue Printed Pottery. Mr. Turner, Mr. 
Spode (1), Mr. Baddeley, Mr. Spode (2), Messrs. Turner, Mr. Wood, Mr. Wilson, Mr. Minton— 
Great Change in Patterns of Blue Printed—Introduction of Lustre Pottery. Improve¬ 
ments in Pottery and Porcelain subsequent to 1800. 

A Reissue of 
THE CHEMISTRY OF THE SEVERAL NATURAL 

AND ARTIFICIAL HETEROGENEOUS COM¬ 
POUNDS USED IN MANUFACTURING POR¬ 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 

(Originally published in 1837.) 750 pp. Royal 8vo. Price 10s. net. (Post 
free, 10s. 6d. home; 12s. abroad.) 

Glassware, Glass Staining and 
Painting. 

RECIPES FOR FLINT GLASS MAKING. By a British 
Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Second Edition. Crown 8vo. Price 10s. 6d. net. 
(Post free, 10s. 9d. home ; 10s. lOd. abroad.) 

Contents. 
Ruby—Ruby from Copper—Flint for using with the Ruby for Coating—A German Metal— 

Cornelian, or Alabaster—Sapphire Blue—Crysophis—Opal—Turquoise Blue—Gold Colour— 
Dark Green—Green (common)—Green for Malachite—Blue for Malachite—Black for Mela- 
chite—Black—Common Canary Batch—Canary—White Opaque Glass—Sealing-wax Red— 
Flint—Flint Glass (Crystal and Demi)—Achromatic Glass—Paste Glass—White Enamel— 
Firestone—Dead White (for moons)—White Agate—Canary—Canary Enamel—Index. 
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A TREATISE ON THE ART OF GLASS PAINTING. 
Prefaced with a Review of Ancient Glass. By Ernest R. Suffling. 

With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
A Short History of Stained Glass—Designing Scale Drawings—Cartoons and the Cut Line 

—Various Kinds of Glass Cutting for Windows—The Colours and Brushes used in Glass 
Painting—Painting on Glass, Dispersed Patterns—Diapered Patterns—Aciding—Firing— 

'Fret Lead Glazing—Index. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 
Preparation of all the Colours and Fluxes used for Painting on Porce¬ 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col¬ 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. By Felix Hermann, Technical Chemist. With 
Eighteen Illustrations. 300 pp. Translated from the German second 
and enlarged Edition. Price 10s. 6d. net. (Post free, 10s. lOd. home ; 
11s. abroad.) 

Paper Making, Paper Dyeing, 
and Testing. 

THE DYEING OF PAPER PULP. A Practical Treatise for 
the use of Papermakers, Paperstainers, Students and others. By 
Julius Erfurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Julius Hubner, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns of paper dyed in the pulp. Royal 
8vo, 180 pp. Price 15s. net. (Post free, 15s. 6d. home ; 16s. 6d. abroad.) 

Contents. 
Behaviour of the Paper Fibres during the Process of Dyeing, Theory of the 

Mordant—Colour Fixing Mediums (Mordants)—Influence of the Quality of the Water 
Used—Inorganic Colours—Organic Colours—Practical Application of the Coal Tar 
Colours according to their Properties and their Behaviour towards the Different 
Paper Fibres—Dyed Patterns on Various Pulp Mixtures—Dyeing to Shade—Index. 

THE PAPER MILL CHEMIST. By H enry P. Stevens, 

M.A., Ph.D., F.I.C. Royal 12mo. 60 Illustrations. 300 pp. Price 
7s. 6d. net. (Post free, 7s. 9d. home ; 7s. lOd. abroad.) 

Contents. 
Introduction.—Dealing with the Apparatus required in Chemical Work and General 

Chemical Manipulation, introducing the subject of Qualitative and Quantitative Analysis. 
Fuels.—Analysis of Coal, Coke and other Fuels—Sampling and Testing for Moisture, Ash, 
Calorific Value, etc.—Comparative Heating Value of different Fuels and Relative Efficiency. 
Water.—Analysis for Steam Raising and for Paper Making Purposes generally—Water 
Softening and Purification—A List of the more important Water Softening Plant, giving 
Power required, Weight, Space Occupied, Out-put and Approximate Cost. Raw Materials 
and Detection of Adulterants.—Analysis and Valuation of the more important Chemicals 
used in Paper Making, including Lime, Caustic Soda, Sodium Carbonate, Mineral Acids, 
Bleach Antichlor, Alum, Rosin and Rosin Size, Glue Gelatin and Casein, Starch, China Clay, 
Blanc Fixe, Satin White and other Loading Materials, Mineral Colours and Aniline Dyes. 
Manufacturing Operations.—Rags and the Chemical Control of Rag Boiling—Esparto 
Boiling—Wood Boiling—Testing Spent Liquors and Recovered Ash—Experimental Tests 
with Raw Fibrous Materials—Boiling in Autoclaves—Bleaching and making up Hand Sheets 
—Examination of Sulphite Liquors—Estimation of Moisture in Pulp and Half-stuff—Recom¬ 
mendations of the British Wood Pulp Association. Finished Products.—Paper Testing, 
including Physical, Chemical and Microscopical Tests, Area, Weight, Thickness, Apparent 
Specific Gravity, Bulk or Air Space. Determination of Machine Direction, Thickness, 
Strength, Stretch, Resistance to Crumpling and Friction, Transparency, Absorbency and 
other qualities of Blotting Papers—Determination of the Permeability of Filtering Papers— 
Detection and Estimation of Animal and Vegetable Size in Paper—Sizing Qualities of 
Paper—Fibrous Constituents—Microscopical Examination of Fibres—The Effect of Beating 
on Fibres—Staining Fibres—Mineral Matter—Ash—Qualitative and Quantitative Examina¬ 

tion of Mineral Matter—Examination of Coated Papers and Colouring Matters in Paper. 
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Contents of “The Paper Mill Chemist”—continued. 

Tables.—English and Metrical Weights and Measures with Equivalents—Conversion of 
Grams to Grains and vice versa.—Equivalent Costs per lb., cwt.,and ton—Decimal Equivalents 
of lbs., qrs., and cwts.—Thermometric and Barometric Scales—Atomic Weights and Molecular 
Weights—Factors for Calculating the Percentage of Substance Sought from the Weight of 
Substance Found—Table of Solubilities of Substances Treated of in Paper Making—Specific 
Gravity Tables of such substances as are used in Paper Making, including Sulphuric Acid, 
Hydrochloric Acid, Bleach, Milk of Lime, Caustic Soda, Carbonate of Soda, etc., giving 
Percentage Strength with Specific Gravity and Degrees Tw.—Hardness Table for Soap 
Tests—Dew Point—Wet and Dry Bulb Tables—Properties of Saturated Steam, giving 
Temperature, Pressure and Volume—List of Different Machines used in the Paper Making 
Industry, giving Size, Weight, Space Occupied, Power to Drive, Out-put and Approximate 
Cost—Calculation of Moisture in Pulp—Rag-Boiling Tables, giving Percentages of Lime, 
Soda and Time required—Loss in Weight in Rags and other Raw Materials during Boiling 
and Bleaching—Conditions of Buying and Selling as laid down by the Paper Makers’ Associa¬ 
tion—Table of Names and Sizes of Papers—Table for ascertaining the Weight per Ream from 
the Weight per Sheet—Calculations of Areas and Volumes—Logarithms—Blank pages for 
Notes. 

THE TREATMENT OF PAPER FOR SPECIAL 
PURPOSES. By L. E. Andes. Translated from the 
German. Crown 8vo. 48 Illustrations. 250 pp. Price 6s. net. (Post 
free, 6s. 4d. home; 6s. 6d. abroad.) 

Contents. 
I., Parchment Paper, Vegetable Parchment.—The Parchment Paper Machine— 

Opaque Supple Parchment Paper—Thick Parchment—Krugler’s Parchment Paper and Parch¬ 
ment Slates—Double and Triple Osmotic Parchment—Utilising Waste Parchment Paper— 
Parchmented Linen and Cotton—Parchment Millboard—Imitation Horn and Ivory from 
Parchment Paper—Imitation Parchment Paper—Artificial Parchment—Testing the Sulphuric 
Acid. II., Papers for Transfer Pictures. III., Papers for Preservative and Packing 
Purposes.—Butter Paper—Wax Paper—Paraffin Paper—Wrapping Paper for Silverware— 
Waterproof Paper—Anticorrosive Paper. IV., Grained Transfer Papers. V., Fireproof and 
Antifalsification Papers. VI., Paper Articles.—Vulcanised Paper Mache—Paper Bottles— 
Plastic Articles of Paper—Waterproof Coverings for Walls and Ceilings—Paper Wheels, 
Roofing and Boats—Paper Barrels—Paper Boxes—Paper Horseshoes. VII., Gummed Paper. 
VIII., Hectograph Papers. IX., Insecticide Papers.—Fly Papers—Moth Papers. X., 
Chalk and Leather Papers.—Glace Chalk Paper—Leather Paper—Imitation Leather. 
XL, Luminous Papers—Blue-Print Papers—Blotting Papers. XII., Metal Papers—Medi¬ 
cated Papers. XIII., Marbled Papers. XIV., Tracing and Copying Papers—Iridiscent or 
Mother of Pearl Papers. XV., Photographic Papers—Shellac Paper—Fumigating Papers— 
Test Papers. XVI., Papers for Cleaning and Polishing Purposes—Glass Paper— 
Pumic Paper—Emery Paper. XVII., Lithographic Transfer Papers. XIX., Sundry 
Special Papers—Satin Paper—Enamel Paper—Cork Paper—Split Paper—Electric Paper— 
Paper Matches—Magic Pictures—Laundry Blue Papers—Blue Paper for Bleachers. XX., 
Waterproof Papers—Washable Drawing Papers—Washable Card—Washable Coloured Paper 
—Waterproof Millboard—Sugar Paper. XXI., The Characteristics of Paper—Paper Testing. 

Enamelling on Metal. 
ENAMELS AND ENAMELLING. For Enamel Makers,. 

Workers in Gold and Silver, and Manufacturers of Objects of Art. 
By Paul Randau. Translated from the German. With Sixteen Illus¬ 
trations. Demy 8vo. 180 pp. Price 10s. 6d. net. (Post free, 10s. lOd. 
home ; 11s. abroad.) 

THE ART OF ENAMELLING ON METAL. By W. 
Norman Brown. Twenty-eight Illustrations. Crown 8vo. 60 pp. 
Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Silk Manufacture. 
SILK THROWING AND WASTE SILK SPINNING. 

By Hollins Rayner. Demy 8vo. 170 pp. 117 Illus. Price 5s. net. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 
The Silkworm—Cocoon Reeling and Qualities of Silk—Silk Throwing—Silk Wastes—The 

Preparation of Silk Waste for Degumming—Silk Waste Degumming, Schapping and Dis¬ 
charging—The Opening and Dressing of Wastes—Silk Waste “Drawing” or “Preparing” 
Machinery—Long Spinning—Short Spinning—Spinning and Finishing Processes—Utilisation, 
of Waste Products—Noil Spinning—Exhaust Noil Spinning. 



19 

Books on Textile and Dyeing 
Subjects. 

THE FINISHING OF TEXTILE FABRICS (Woollen, 
Worsted, Union and other Cloths). By Roberts Beaumont, M.Sc., 
M.I.Mech.E., Professor of Textile Industries, the University of Leeds; 
Author of “ Colour in Woven Design”; “Woollen and Worsted Cloth 
Manufacture ” ; “ Woven Fabrics at the World’s Fair ” ; Vice-President 
of the Jury of Award at the Paris Exhibition, 1900; Inspector of Tex¬ 
tile Institutes; Society of Arts Silver Medallist; Honorary Medallist 
of the City and Guilds of London Institute. With 150 Illustrations of 
Fibres, Yarns and Fabrics, also Sectional and other Drawings of 
Finishing Machinery. Demy 8vo, 260 pp. Price 10s. 6d. net. (Post 
free, 10s. lOd. home; 11s. 3d. abroad.) [Just Published. 

Contents. 
I., Woollen, Worsted and Union Fabrics.—Sections (1) Woollen Cloths: Saxonies and 

Cheviots—(2) Worsted Fabrics: Botany and Crossbred—(3) Fancy and Piece-dye Woollens 
—(4) Fancy and Piece-dye Worsteds—(5) Union Fabrics: Piece-dyes and Fancies—(6) Whip¬ 
cords, Buckskins, Venetians, Cords and Twist warp Fancies—(7) Heavy Woollens: Box 
Cloths, Meltons, Pilots—(8) Friezes, Shetlands and Naps—(9) Special Types of Overcoatings 
— (10) Golf Cloakings—(11) Vestings. II., Processes of Finishing- and their Effects.— 
Sections—(12) Qualities of Unfinished Woollens—(13) Worsted Fabrics and Finishing—(14) 
Preliminary Work—(15) Finishing Processes—(16) Scouring and the Detergents Used—(171 
Hydro-extracting—(18) Tentering and Drying—(19) Felting and its Effects—(20) Condition of 
the Piece in Milling—(21) Potash and Soda Soaps—(22) Effects of Raising—(23) Influence of 
Textural Conditions on Raising—(24) Theory of Raising and the Twine in the Yarn—(25) Fabric 
Structure and Raising Surface—(26) Several Kinds of Raising—(27) Lustring Proceses—(28) 
Pressing. III., The Process of Scouring : Scouring Machines.—Sections (29) Impurities in 
Greasy Pieces—(30) Scouring Machines—(31) The Rope Machine: Scouring Operation—(32) 
Washing-off—(33) Points in the Use of the Rope Scourer—(34) The Open Scourer: Construc¬ 
tion—(35) Advantages of the Open Scourer—(36) Scouring Machine with Flanged Rollers—(37) 
Combined Scouring and Milling Machine. IV., Theory of Felting. —Sections (38) Qualities 
of Wool in Relation to Felting—(39) Shrinkage Properties of Merino and Cheviot Wools—(40) 
Felting Contrasts, Merino and Southdown Wools—(41) Utility in Woven Manufactures of 
Wools of Different Shrinking Qualities—(42) Yarn Structure—(43) Felting Affected by Yarn 
Composition—(44) Methods of Yarn Construction and Felting—(45) Shrinkage of Fabrics made 
of Re-manufactured Fibres—(46) Degree of Twine in the Yarn—(47) Folded Yarns and Shrink¬ 
age. V., Theory of Felting: Fabric Structure.—Sections (48) Build of the Fabric—(49) 
Felting Quality of Standard Weaves—(50) Influence of Intersections—(51) Variation in Wefting 
—(52) Irregular Weaves and Felting—(53) Felting of Two-ply Warp and Weft Fabrics—(54) 
Relative Shrinkage of Single and Backed Weaves. VI., Theory of Felting : Compound 
Fabrics.—Sections (55)—Structure of Backed Fabrics and the Felting Quality of the Cloth— 
(56) Three-ply Weft Fabrics—(57) Yarn Characteristics in Compound Weft Fabrics—(58) 
Fabrics Compound in the Warp—(59) Felting of Compound Weaves—(60) Double Cloths and 
Varied Felting—(61) Stitching or Tying of Double and Compound Weaves and the Effects on 
Milling. VII., Fulling and Milling Machinery.—Sections (62) “Fulling” and “Milling” 
—(63) Routine in the Fulling Stocks and Milling Machine—(64) Construction and Working of 
the Fuller Slocks—(65) Milling Machines—(66) Routine of Milling—(67) Corrugated Guide 
Rollers—(68) Machines with Two or More Upper Rollers—(69) Dupl x Machines—(70) Machines 
without Flanged Roller—(71) Mechanical Devices applied to the Spout—(72) Roller Milling 
Machine with Stampers in the Spout—(73) Principle of Combined Milling Machine and Stocks 
—(74) Combined Scouring and Milling—(75) Milling without Artificial Compression. VIII., 
The Theory of Raising.—Sections (76) Treatment of the Cloth—(77) Condition of the Cloth 
—(78) Dry Raising—(79) Damp and Wet Raising—(80) Raising Determined by the Degree of 
Felting—(81) Quality of the Material and the Raised Result—(82) Raising and Weave Structure 
—(83) Quality of the Fibre and Yarn Structure—(84) Raising of Fabrics in which Special or 
Fancy Yarns are used. IX., Raising Machinery and the Raising Process.—Sections (85) 
Hand Raising—(86) Raising Gig—(87) Operation of the Raising Gig—(88) Two-cylinder 
Raising Gig—(89) Teazle Raising—(90) Teazles and Card-wire Compared—(91) Card-wire 
Raising Machines—(92) Modern Card Raising Machines—(93) The Horizontal Machine— 
(94) Rotary Machines. X., Cutting, Cropping or Shearing.—Sections—(97) Cropping 
—(98) The Effects of Cutting—(99) Cutting Machines—(100) The Cross-Cutting Machine— 
(101) The Continuous Cutting Machine—(102) Setting of the Cutting Parts—(103) Form 
of the Bar or “Bed” under the Cutters—(104) Machines with Two or More Cylinders—(105) 
Grinding. XI., Lustring Processes and Machinery.—Sections (106) The Production of 
Lustre on Woollen and Worsted Fabrics—(107) Steaming and Cooling Machines—(108) 
Pressing—(109) The Vertical Press—(110) The Rotary Press—(111) Intermittent Pressing 
Machine. XII., Methods of Finishing.—Sections (112) Routines of Finishing—(113) Woollen 
-Routines of Finishing—(114) Worsted Routines of Finishing—(115) Routines of Finishing for 
'Union Fabrics—Index. 



20 

THE CHEMICAL TECHNOLOGY OF TEXTILE 
FIBRES: Their Origin, Structure, Preparation, Washing,. 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 

Georgievics. Translated from the German by Charles Salter. 

320 pp. Forty-seven Illustrations. Royal 8vo. Price 10s. 6d. net. 
(Post free, 11s. home ; 11s. 3d. abroad.) 

POWER-LOOM WEAVING AND YARN NUMBERING, 
According to Various Systems, with Conversion Tables. Translated 
from the German of Anthon Gruner. With Twenty-Six Diagrams 
in Colours. 150 pp. Crown 8vo. Price 7s. 6d. net. (Post free, 
7s. 9d. home ; 8s. abroad.) 

TEXTILE RAW MATERIALS AND THEIR CON¬ 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) By Julius 

Zipser. Translated from German by Charles Salter. 302 Illus¬ 
trations. 500 pp. Demy 8vo. Price 10s. 6d. net. (Post free, 11s. 
home; 11s. 6d. abroad.) 

GRAMMAR OF TEXTILE DESIGN. By H. Nisbet, 

Weaving and Designing Master, Bolton Municipal Technical School. 
Demy 8vo. 280 pp. 490 Illustrations and Diagrams. Price 6s. net. 
(Post free, 6s. 4d. home; 6s. 6d. abroad.) 

Contents. 
The Plain Weave and its Modifications. Twill and Kindred Weaves.—Classifi¬ 

cation of Twill Weaves. Diamond and Kindred Weaves. Bedford Cords. Backed 

Fabrics. Fustians. Terry Pile Fabrics. Gauze and Leno Fabrics. Tissue, Lappet, 

and Swivel Figuring ; also Ondule Effects, and Looped Fabrics. 

ART NEEDLEWORK AND DESIGN. POINT LACE. A 
Manual of Applied Art for Secondary Schools and Continuation Classes. 
By M. E. Wilkinson. Oblong quarto. With 22 Plates. Bound in 
Art Linen. Price 3s. 6d. net. (Post free, 3s. lOd. home; 4s. abroad.) 

Contents. 
Sampler of Lace Stitches—Directions for working Point Lace, tracing Patterns, etc.— 

List of Materials and Implements required for working. Plates I., Simple Lines, Straight and 
Slanting, and Designs formed from them. II., Patterns formed from Lines in previous 
Lesson. III., Patterns formed from Lines in previous Lesson. IV., Simple Curves, and 
Designs formed from them. V., Simple Leaf form, and Designs'formed from it. VI., Ele¬ 
mentary Geometrical forms, with Definitions. VII., Exercises on previous Lessons. VIII., 
Filling of a Square, Oblong and Circle with Lace Stitches. IX., Design for Tie End, based 
on simple Leaf form. X., Lace Butterflies (Freehand). XI., Twenty simple Designs evolved 
from Honiton Braid Leaf. XII., Design for Lace Handkerchief, based on previous Lesson. 
XIII., Design for Tea-cosy. XIV., Freehand Lace Collar. XV., Freehand Lace Cuff (to 
match). XVI., Application of Spray from Lesson XI. XVII., Adaptation of Curves within 
a Square, for Lace Cushion Centre. XVIII., Conventional Spray for corner of Tea-cloth. 
XIX., Geometrical form for Rosebowl D’Oyley, to be originally filled in. XX., Geometrical 
form for Flower-vase D’Oyley, to be originally filled in. Each Lesson contains Instructions- 
for Working, and application of new Stitches from Sampler. 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils. By M. E. W. Milroy. Crown 8vo. 64 pp. With 3 Plates- 
and 9 Diagrams. Price Is. net. (Post free, Is. 3d. home ; Is. 4d. 
abroad.) 

THE CHEMISTRY OF HAT MANUFACTURING. Lee 
tures delivered before the Hat Manufacturers’ Association. By Wat¬ 

son Smith, F.C.S., F.I.C. Revised and Edited by Albert Shonk. 

Crown 8vo. 132 pp. 16 Illustrations. Price 7s. 6d. net. (Post free,. 
7s. 9d. home; 7s. lOd. abroad.) 

THE TECHNICAL TESTING OF YARNS AND TEX¬ 
TILE FABRICS. With Reference to Official Specifica¬ 
tions. Translated from the German of Dr. J. Herzfeld. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. Price 10s. 6d. 
net. (Post free, 10s. lOd. home ; 11s. abroad.) 

DECORATIVE AND FANCY TEXTILE FABRICS. 
By R. T. Lord. For Manufacturers and Designers of Carpets, Damask, 
Dress and all Textile Fabrics. 200 pp. Demy 8vo. 132 Designs and 
Illustrations. Price7s.6d.net. (Post free, 7s. lOd. home ; 8s. abroad.)> 
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THEORY AND PRACTICE OF DAMASK WEAVING. 
By H. Kinzer and K. Walter. Royal 8vo. Eighteen Folding Plates. 
Six Illustrations. Translated from the German. 110 pp. Price 8s. 6d. 
net. (Post free, 9s. home ; 9s. 6d. abroad.) 

Contents. 
The Various Sorts of Damask Fabrics—Drill (Ticking, Handloom-made)—Whole 

Damask for Tablecloths—Damask with Ground- and Connecting-warp Threads—Furniture 
Damask—Lampas or Hangings—Church Damasks—The Manufacture of Whole Damask. 
—Damask Arrangement with and without Cross-Shedding—The Altered Cone-arrangement— 
The Principle of the Corner Lifting Cord—The Roller Principle—The Combination of the 
Jacquard with the so-called Damask Machine—The Special Damask Machine—The Combina¬ 
tion of Two Tyings. 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas 

Reiser. Translated from the Second German Edition. Crown 8vo. 
Sixty-three Illustrations. 170 pp. Price 5s. net. (Post free, 5s. 4d. 
home; 5s. 6d. abroad.) 

Contents. 
Improperly Chosen Raw Material or Improper Mixtures—Wrong Treatment of the 

Material in Washing, Carbonisation, Drying, Dyeing and Spinning—Improper Spacing of the 
Goods in the Loom—Wrong Placing of Colours—Wrong Weight or Width of the Goods- 
—Breaking of Warp and Weft Threads—Presence of Doubles, Singles, Thick, Loose, 
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like—Errors in 
Cross-weaving—Inequalities, i.e., Bands and Stripes—Dirty Borders—Defective Selvedges— 
Holes and Buttons—Rubbed Places—Creases—Spots—Loose and Bad Colours—Badly Dyed 
Selvedges—Hard Goods—Brittle Goods—Uneven Goods—Removal of Bands, Stripes,. 
Creases and Spots. 

SPINNING AND WEAVING CALCULATIONS, especially 
relating to Woollens. From the German of N. Reiser. Thirty-four 
Illustrations. Tables. 160 pp. Demy 8vo. 1904. Price 10s. 6d. net. 
(Post free, 10s. lOd. home; 11s. abroad.) 

Contents. 
Calculating the Raw Material—Proportion of Different Grades of Wool to Furnish a 

Mixture at a Given Price—Quantity to Produce a Given Length—Yarn Calculations—Yarn 
Number—Working Calculations—Calculating the Reed Count—Cost of Weaving, etc. 

WATERPROOFING OF FABRICS. By Dr. S. Mierzinski. 

Crown 8vo. 104 pp. 29 Illus. Price5s.net. (Post free, 5s. 3d. home 
5s. 4d. abroad.) 

Contents. 
Introduction — Preliminary Treatment of the Fabric — Waterproofing with Acetate of 

Alumina—Impregnation of the Fabric—Drying—Waterproofing with Paraffin—Waterproofing 
with Ammonium Cuprate — Waterproofing with Metallic Oxides — Coloured Waterproof 
Fabrics—Waterproofing with Gelatine, Tannin, Caseinate of Lime and other Bodies—Manu¬ 
facture of Tarpaulin—British Waterproofing Patents—Index. 

HOW TO MAKE A WOOLLEN MILL PAY. By John 

Mackie. Crown 8vo. 76 pp. Price 3s. 6d. net. (Post free, 3s. 9d. 
home ; 3s. lOd. abroad.) 

Contents. 
Blends, Piles, or Mixtures of Clean Scoured Wools—Dyed Wool Book—The Order Book. 

—Pattern Duplicate Books—Management and Oversight—Constant Inspection of Mill De¬ 
partments—Importance of Delivering Goods to Time, Shade, Strength, etc.—Plums. 

(For “ Textile Soaps and Oils” see p. 7.) 

Dyeing, Colour Printing, 
Matching and Dye-stuffs. 

THE COLOUR PRINTING OF CARPET YARNS. Manual' 
for Colour Chemists and Textile Printers. By David Paterson, 
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. Price 7s. 6d. 
net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Structure and Constitution of Wool Fibre—Yarn Scouring—Scouring Materials—Water for 

Scouring—Bleaching Carpet Yarns—Colour Making for Yarn Printing—Colour Printing 
Pastes—Colour Recipes for Yarn Printing—Science of Colour Mixing—Matching of Colours 
—“ Hank ” Printing—Printing Tapestry Carpet Yarns—Yarn Printing—Steaming Printed 
Yarns—Washing of Steamed Yarns—Aniline Colours Suitable for Yarn Printing—Glossary of 
Dyes and Dye-wares used in Wood Yarn Printing—Appendix. 
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THE SCIENCE OF COLOUR MIXING. A Manual in¬ 

tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, F.C.S. Forty-one Illustrations, Five Coloured Plates, 
and Four Plates showing: Eleven Dyed Specimens of Fabrics. 132 
pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 
abroad.) 

Contents. 
Colour a Sensation; Colours of Illuminated Bodies; Colours of Opaque and Transparent 

Bodies ; Surface Colour—Analysis of Light; Spectrum; Homogeneous Colours; Ready 
Method of Obtaining a Spectrum—Examination of Solar Spectrum; The Spectroscope and 
Its Construction; Colourists’ Use of the Spectroscope—Colour by Absorption ; Solutions and 
Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight—Colour Primaries of the Scientist 
versus the Dyer and Artist; Colour Mixing by Rotation and Lye Dyeing; Hue, Purity, 
Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours—Colour Mixing; Pure 
and Impure Greens, Orange and Violets; Large Variety of Shades from few Colours; Con¬ 
sideration of the Practical Primaries: Red, Yellow and Blue—Secondary Colours; Nomen¬ 
clature of Violet and Purple Group; Tints and Shades of Violet; Changes in Artificial Light 
—Tertiary Shades ; Broken Hues; Absorption Spectra of Tertiary Shades—Appendix: Four 
Plates with Dyed Specimens Illustrating Text—Index. 

DYERS’ MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D. 
Translated from the German by A. C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.). Twenty-four Illustrations. Crown 8vo. 150 pp. Price 5s. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual in¬ 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis¬ 
piece. Twenty-nine Illustrations and Fourteen Specimens Of Dyed 
Fabrics. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. abroad.) 

COLOUR: A HANDBOOK OF THE THEORY OF 
COLOUR. By George H. Hurst, F.C.S. With Ten 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Colour and Its Production—Cause of Colour in Coloured Bodies—Colour Pheno = 

raena and Theories—The Physiology of Light—Contrast—Colour in Decoration and 
Design—Measurement of Colour. 

Reissue of 
THE ART OF DYEING WOOL, SILK AND COTTON. 

Translated from the French of M. Hellot, M. Macquer and M. le 

Pileur D’Apligny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. Price 5s. net. (Post free, 5s. 6d. home; 6s. 

abroad> Contents. 
Part I., The Art of Dyeing Wool and Woollen Cloth, Stuffs, Yarn, Worsted, etc. 

Part II., The Art of Dyeing Silk. Part III., The Art of Dyeing Cotton and Linen 
Thread, together with the Method of Stamping Silks, Cottons, etc. 

THE CHEMISTRY OF DYE-STUFFS. By Dr. Georg Von 
Georgievics. Translated from the Second German Edition. 412 pp. 
Demy 8vo. Price 10s. 6d. net. (Post free, 11s. home ; 11s. 6d. abroad.) 

THE DYEING OF COTTON FABRICS: A Practical 
Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home; 8s. abroad.) 

THE DYEING OF WOOLLEN FABRICS. By Franklin 
Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 
8s. abroad.) 
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Bleaching and Bleaching 
Agents. 

A PRACTICAL TREATISE ON THE BLEACHING OF 
LINEN AND COTTON YARN AND FABRICS. By 
L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh. Demy 8vo. 303 pp. Twenty 
Illus. Price 12s. 6d. net. (Post free, 13s. home; 13s. 6d. abroad.) 

MODERN BLEACHING AGENTS AND DETERGENTS. 
By Professor Max Bottler. Translated from the German. With 16 
Illustrations. Crown 8vo. 160 pages. Price 5s. net. (Post free, 
5s. 3d. home ; 5s. 6d. abroad.) 

Contents. 
Part I., Bleaching* Agents. Old and New Bleaching Methods and Bleaching 

Agents.—Bleaching Agents for Wool—Bleaching with Permanganate—Perborates—Acid 
Sodium Percarbonate—Bleaching Agents for Silk—Bleaching Powder and Alkali Hypoch¬ 
lorites—Bleaching Processes—Bleaching Linen—Bleaching with Ozone—Bleaching Straw 
and Leather—Discharging Colours—Bleaching Jute and other Vegetable Fibres—Bleaching, 
Various Substances—Electrical Bleaching Processes. Sodium Peroxide.—Properties— 
Dissolving Sodium Peroxide—Preparing the Bleaching Liquor—Compressed Sodium Peroxide 
—Sodium Peroxide in Bleaching—Cleaning Materials to be Bleached—Testing the Bleaching 
Liquor—Bleaching Kier—Charging the Kier with Bleaching Liquor—Bleaching Woollen and 
Half-Wool Goods—Preparing the Bleaching Liquor—Drying the Goods—Magnesium Sulphate 
in Bleaching Liquor—Bleaching Silk—Bleaching Linen, Cotton, Jute and Ramie Goods— 
Production of Peroxides—Bleaching Feathers—Sodium Peroxide in Washing Powder— 
Barium Peroxide—Bleaching Silk with Barium Peroxide. Perborates.—Salts of Perboric 
Acid—Properties of Perborates—Ammonium Perborates—Sodium Perborates—Perborax—- 
Merck’s Sodium Perborate—Sapozon—Testing Sodium Perborate. Ozone.—Formation of 
Ozone—Ozone Generators—Chemical Production of Ozone—Properties of Ozone—Employ¬ 
ment of Ozone in Bleaching. Sodium Bisulphite and Hydrosulphurous Acid.—Bleaching 
with Sulphur Dioxide—Bleaching Wool with Hydrosulphurous Acid—Sodium Hydrosulphite 
—Properties of Sodium Bisulphite—Bleaching Processes—Bleaching Manila Hemp—After- 
treatment with Bisulphite—Bleaching Straw—Bleaching Leather. Discharging- Colour from 
Textile Fabrics with Hydrosulphurous Acid.—Preparing the Discharge—Discharging 
Colour from Shoddy and Dyed Fabrics—Stable Hydrosulphite—Method of Using Hydrosul¬ 
phite— Eradite—Cassella’s Hyraldite—Discharging with Hyraldite — Increasing the Dis¬ 
charging Effect—Stable Hydrosulphites. Permanganate.—Bleaching with Permanganate 
—Action of Permanganate—Bleaching Wool or Silk—Addition of Magnesium Sulphate to 
the Bleaching Liquor—Strength of Permanganate Solution—New Process for Bleaching Jute 
—Bleaching Skins—Bleaching Straw—Bleaching Ivory. Hydrogen Peroxide.—Constitution 
and Properties—Preparation—Crystalline Hydrogen Peroxide—Properties of Hydrogen 
Peroxide Solutions—Stability—Commercial Hydrogen Peroxide Solutions—Decomposition 
of Hydrogen Peroxide—Purity of Hydrogen Peroxide—Storage Vessels—Care in Handling 
—Instability of Solutions—Reagent for Hydrogen Peroxide—Valuing Hydrogen Peroxide 
Solutions—Testing Hydrogen Peroxide—Bleaching Wool with Hydrogen Peroxide—Pre¬ 
liminary Treatment—Bleaching Bath—After Treatment—Bleaching Silk with Hydrogen 
Peroxide—Bluing before Bleaching—Bleaching Cotton with Hydrogen Peroxide—Bleaching 
Linens with Hydrogen Peroxide—Bleaching Jute with Hydrogen Peroxide—Bleaching Various 
Vegetable Fibres with Hydrogen Peroxide—Bleaching Straw, Wood, etc., with Hydrogen 
Peroxide—Bleaching Leather with Hydrogen Peroxide—Bleaching Ivory, Horn, Bones and 
Similar Articles—Bleaching Hair—Bleaching Sponges with Hydrogen Peroxide. Bleaching 
Fats, Oils, Wax and Paraffin.—New Process for Bleaching Fats and Oils—Bleaching Wax 
—Bleaching Soap—Decrolin and Blankite for Bleaching Soap—Bleaching Glue. Solid, Stable 
Calcium Hypochlorite and Bleaching Soda.—Stable Calcium Hypochlorite—Bleaching 
Soda. Electric Bleaching.—Electrolytic Bleaching Lye—Judging the Utility of Electric 
Bleaching Plant—Bleaching Experiment with Electrolysed Sodium Chloride Solution— 
Electrolytic Decomposition of Sodium Chloride—Observations of Forster and Muller—Types 
of Electrolyser—Electrolytic Bleach—Schuckert Plant—Schoop’s Electrolytic Bleaching, 
Apparatus—Kellner Bleaching Apparatus, Construction—Method of Working—Mounting the 
Apparatus—Determining the Bleaching Power of Electrolytic Liquors, Volumetric Method— 
Bleaching with Electrolytic Bleaching Liquor. 

Part II., Detergents.—Behaviour of Various Fabrics in the Presence of Chemical Re¬ 
agents—Methods of Removing Stains—Chemical Cleaning and Detergents. Benzine Soaps. 
—Removing Stains with Benzine Soap and its Solutions—Antibenzine Pyrine, or Richterol. 
Extractive Detergents and Detergent Mixtures. Carbon Tetrachloride.—Properties. 
Aceto=Oxalic Acid as a Detergent; Special Methods of Removing Stains. Bleaching 
Processes Used in Chemical Cleaning.—Bleaching with Potassium Permanganate— 
Reducing Effect of Sulphur Dioxide—Reduction with Hydrogen Peroxide—Reduction with 
Hydrosulphurous Acid—Seyda’s Reduction Process—Combined Method of Removing Stains— 
Hyraldite as a Detergent and Bleaching Agent. Hydrogen Peroxide as a Detergent.— 
Behaviour of Hydrogen Peroxide toward Coloured Fabrics. Oxygen as a Detergent.— 
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Contents of “Modern Bleaching Agents and Detergents”— 
continued. 

Behaviour of Oxygenol toward Dyed Fabrics. Sodium Peroxide as a Detergent.—Sodium 
Peroxide Soap. Sundry New Detergents and Cleansing Agents.—Tetrapol—Lavado— 
Novol—Weiss’s Benzine Washing Preparation—Hexol—Steinberg’s Detergent Oil—Ozonite— 
Ozonal—Quilloia—Gruner’s Washing Powder—Eureka Washing Powder—Detergent Soaps 
that Liberate Oxygen—Klein’s Detergent Soap—Detergent for Sensitive Colours—Poltzow’s 
Detergent Soap—Wolzendorff’s Cyanide and Photographer’s Ink — Detergent Liquids — 
Hummel’s Detergent Liquid—Detergent Paste—Blanchissine—Henkel s Persil—Reinol, Triol, 
Tetra-Isol, Benzin-Isol, Terpin-lsol, Isobenzine Soap and Iso Soap. 

Cotton Spinning and Combing. 
COTTON SPINNING (First Year). By Thomas Thornley, 

Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus¬ 
trations. Crown 8vo. Second Impression. Price 3s. net. (Post free, 
3s. 4d. home ; 3s. 6d. abroad.) 

COTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley. Second Impression. 180 pp. Seventy Illustra¬ 
tions. Crown 8vo. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. 
abroad.) 

COTTON SPINNING (Honours, or Third Year). By Thomas 
Thornley. 216 pp. Seventy-four Illustrations. Crown 8vo. Second 
Edition. Price 5s. net. (Post free, 5s. 4d. home; 5s. 6d. abroad.) 

COTTON COMBING MACHINES. By Thos. Thornley, 

Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra¬ 
tions. 300 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. abroad.) 

Flax, Hemp and Jute Spinning. 
MODERN FLAX, HEMP AND JUTE SPINNING AND 

TWISTING. A Practical Handbook for the use of Flax, 
Hemp and Jute Spinners, Thread, Twine and Rope Makers. By 
Herbert R. Carter, Mill Manager, Textile Expert and Engineer, 
Examiner in Flax Spinning to the City and Guilds of London 
Institute. Demy 8vo. 1907. With 92 Illustrations. 200 pp. Price 
7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.) 

Contents. 
Raw Fibre.—Origin of Flax—Hemp and Jute Fibre—Description of the Plants—Mode of 

Cultivation—Suitable Climate and Soil—Sowing—Harvesting—Rippling Flax and Hemp— 
Water Retting—Dew Retting—Extraction of the Fibre—Marketing the Fibre—Bracquing— 
Flax, Hemp and Jute Marks—Comparative Prices—Ports of Export—Trade Centres—Fibre 
Selling Conditions—Duty on Fibre—Fibre Exports. Hackling.—Sorting and Storing the 
Raw Fibre—Softening Hemp and Jute—Jute Batching—Cutting—Piecing Out—Roughing— 
Hackling by Hand and Machine—Tippling—Sorting—Ventilation of Hackling Rooms. Sliver 
Formation.—Spreading Line—Heavy Spreading System—Good’s Combined Hackle and 
Spreader—Jute Breaking and Carding—Flax and Hemp Tow Carding—Bell Calculation- 
Clock System—Theory of Spreading. Line and Tow Preparing.—Drawing and Doubling 
— Draft Calculation—Set Calculation—Tow Combing—Compound Systems—Automatic Stop 
Motions and Independent Heads—Details of Preparing Machinery—Ventilation—Humidifica¬ 
tion. Gill Spinning.—Gill Spinning for Shoe Threads, Rope Yarns, Binder and Trawl 
Twines—The Automatic Gill Spinner—Rope and Reaper Yarn Numbering. The Flax, 
Hemp and Jute Roving Frame.—Bobbin Winding—Differential Motion—Twist Calculation 
—Practical Changing—Rove Stock. Dry and Half=Dry Spinning.—Flyer and Ring 
Frames—Draft and Twist Calculation—Bobbin Dragging—Reaches—Set of Breast Beam 
and Tin-rod, etc. 

FIBRES USED IN TEXTILE AND ALLIED INDUS¬ 
TRIES. By C. Ainsworth Mitchell, B.A., and R. M. 
Prideaux, F.I.C. [In the press. 

The Contents will include the Classification and Examination of Fibres; Uses of Wool 
Fibres; Hair, Silk, Cotton, Artificial Silks, Linen, Jute, Hemp, Cocoa-nut and other Brush 
Fibres, Vegetable Downs, etc. 
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Collieries and Mines. 
RECOVERY WORK AFTER PIT FIRES. By Robert 

Lamprecht, Mining Engineer and Manager. Translated from the 
German. Illustrated by Six large Plates, containing Seventy-six 
Illustrations. 175 pp., demy 8vo. Price 10s. 6d. net. (Post free, 
10s. lOd. home; 11s. abroad.) 

Contents. 
Causes of Pit Fires—Preventive Regulations: (1) The Outbreak and Rapid Extension 

of a Shaft Fire can be most reliably prevented by Employing little or no Combustible Material' 
in the Construction of the Shaft; (2) Precautions for Rapidly Localising an Outbreak of Fire in 
the Shaft; (3) Precautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient. 
Precautions against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of 
Fire-damp and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. 
Experiments on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity— 
Indications of an Existing or Incipient Fire—Appliances for Working in Irrespirable 
Gases: Respiratory Apparatus; Apparatus with Air Supply Pipes; Reservoir Apparatus: 
Oxygen Apparatus—Extinguishing Pit Fires : (a) Chemical Means; (b) Extinction with 
Water. Dragging down the Burning Masses and Packing with Clay; (c) Insulating the Seat 
of the Fire by Dams. Dam Building. Analyses of Fire Gases. Isolating the Seat of a Fire 
with Dams: Working in Irrespirable Gases (“Gas-diving”): Air-Lock Work. Complete 
Isolation of the Pit. Flooding a Burning Section isolated by means of Dams. Wooden 
Dams: Masonry Dams. Examples of Cylindrical and Dome-shaped Dams. Dam Doors: 
Flooding the Whole Pit—Rescue Stations: (a) Stations above Ground; (b) Underground 
Rescue Stations—Spontaneous Ignition of Coal in Bulk—Index. 

VENTILATION IN MINES. By Robert Wabner, Mining 
Engineer. Translated from the German. Royal 8vo. Thirty Plates 
and Twenty-two Illustrations. 240 pp. Pricel0s.6d.net. (Post free, 
11s. home ; 11s. 3d. abroad.) 

HAULAGE AND WINDING APPLIANCES USED IN 
MINES. By Carl Volk. Translated from the German. 
Royal 8vo. With Six Plates and 148 Illustrations. 150 pp. Price 
8s. 6d. net. (Post free, 9s. home; 9s. 3d. abroad.) 

Contents. 
Haulage Appliances—Ropes—Haulage Tubs and Tracks—Cages and Winding Appliances— 

Winding Engines for Vertical Shafts—Winding without Ropes—Haulage in Levels and 
Inclines—The Working of Underground Engines—Machinery for Downhill Haulage. 

THE ELECTRICAL EQUIPMENT OF COLLIERIES. By 
W. Galloway Duncan, Electrical and Mechanical Engineer, Member 
of the Institution of Mining Engineers, Head of the Government School 
of Engineering, Dacca, India ; and David Penman, Certificated Colliery 
Manager, Lecturer in Mining to F'ife County Committee. Demy 8vo. 
310 pp. 155 Illustrations and Diagrams. Price 10s. 6d. net. (Post 
free, 11s. home ; 11s. 3d. abroad.) 

Contents. 
General Principles, Magnetism, Units, Cells, etc.—Dynamos and Motors—Trans= 

mission and Distribution of Power—Prime Movers^Lighting by Electricity—Initial 
Outlay and Working Cost of Electrical Installations—Electricity Applied to CoaL 
cutting—Electric Haulage. Winding, and Locomotives—Electric Pumps and Pump = 
ing—Electric=Power Drills and Underground Coal Conveyers—Typical Colliery 
Electrical Installations—Miscellaneous Applications of the Electric Current—Com= 
parison of the Different Modes of Transmitting Power—Dangers Occurring from the 
Use of Electricity in Colleries—Appendix : Questions suitable for students preparing for 
colliery managers’ examinations—Index. 

Dental Metallurgy. 
DENTAL METALLURGY: MANUAL FOR STUDENTS 

AND DENTISTS. By A. B. Griffiths, Ph.D. Demy 
8vo. Thirty-six Illustrations. 200 pp. Price7s.6d.net, (Post free, 
7s. lOd. home ; 8s. abroad.) 

Contents. 
Introduction—Physical Properties of the Metals—Action of Certain Agents on Metals— 

Alloys—Action of Oral Bacteria on Alloys—Theory and Varieties of Blowpipes—Fluxes— 
Furnaces and Appliances—Heat and Temperature—Gold—Mercury—Silver—Iron—Copper— 
Zinc—Magnesium—Cadmium—Tin—Lead — Aluminium—Antimony — Bismuth — Palladium— 
Platinum—Iridium—Nickel—Practical Work—Weights and Measures. 
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Engineering, Smoke Prevention 
and Metallurgy. 

THE PREVENTION OP SMOKE. Combined with the 
Economical Combustion of Fuel. By W. C. Popplewell, M.Sc., 
A.M.Inst., C.E., Consulting Engineer. Forty-six Illustrations. 190 pp. 
Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. abroad.) 

Contents. 
Fuel and Combustion— Hand Firing in Boiler Furnaces—Stoking by Mechanical Means— 

■Powdered Fuel—Gaseous Fuel—Efficiency and Smoke Tests of Boilers—Some Standard 
Smoke Trials—The Legal Aspect of the Smoke Question—The Best Means to be adopted for 
the Prevention of Smoke—Index. 

GAS AND COAL DUST FIRING. A Critical Review of 
the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. Translated from the 
German. With 103 Illustrations. Price 5s. net. (Post free, 5s. 4d. 
home ; 5s. 6d. abroad.) 

Contents. 
Generators—Generators Employing Steam—Stirring and Feed Regulating Appliances— 

Direct Generators—Burners—Regenerators and Recuperators—Glass Smelting Furnaces— 
Metallurgical Furnaces—Pottery Furnace—Coal Dust Firing—Index. 

THE HARDENING AND TEMPERING OF STEEL 
IN THEORY AND PRACTICE. By Fridolin Reiser. 

Translated from the German of the Third Edition. Crown 8vo. 
120 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.). 

Contents. 
Steel—Chemical and Physical Properties of Steel, and their Casual Connection- 

Classification of Steel according to Use—Testing the Quality of Steel — Steel= 
Hardening—Investigation of the Causes of Failure in Hardening—Regeneration of 
Steel Spoilt in the Furnace—Welding Steel—Index. 

SIDEROLOGY: THE SCIENCE OF IRON (The Con¬ 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Freiherr v. Juptner. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. Price 10s. 6d. net. (Post free, 11s. home; 
11s. 6d. abroad.) 

Contents. 
The Theory of Solution.—Solutions—Molten Alloys—Varieties of Solutions—Osmotic 

Pressure—Relation between Osmotic Pressure and other Properties of Solutions—Osmotic 
Pressure and Molecular Weight of the Dissolved Substance—Solutions of Gases—Solid Solu¬ 
tions—Solubility—Diffusion—Electrical Conductivity—Constitution of Electrolytes and Metals 
—Thermal Expansion. Micrography.—Microstructure—The Micrographic Constituents of 
Iron—Relation between Micrographical Composition, Carbon-Content,- and Thermal Treat¬ 
ment of Iron Alloys—The Microstructure of Slags. Chemical Composition of the Alloys 
of Iron.—Constituents of Iron Alloys—Carbon—Constituents of the Iron Alloys, Carbon— 
Opinions and Researches on Combined Carbon—Opinions and Researches on Combined 
Carbon—Applying the Curves of Solution deduced from the Curves of Recalescence to the De¬ 
termination of the Chemical Composition of the Carbon present in Iron Alloys—The Constitu¬ 
ents of Iron—Iron—The Constituents of Iron Alloys—Manganese—Remaining Constituents of 
Iron Alloys—A Silicon—Gases. The Chemical Composition of Slag.—Silicate Slags— 
Calculating the Composition of Silicate Slags—Phosphate Slags—Oxide Slags—Appendix- 
Index. 

EVAPORATING, CONDENSING AND COOLING AP¬ 
PARATUS. Explanations, Formulae and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated by A. C. 
Wright, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illustra¬ 
tions and Seventy-six Tables. 400 pp. Demy 8vo. Pricel0s.6d.net. 
(Post free, 11s. home; 11s. 6d. abroad.) 

Contents. 
.^Coefficient of Transmission of Heat, k/, and the Mean Temperature Difference, 0/m— 

Parallel and Opposite Currents—Apparatus for Heating with Direct Fire—The Injection of 
Saturated Steam—Superheated Steam—Evaporation by Means of Hot Liquids—The Trans¬ 
ference of Heat in General, and Transference by means of Saturated Steam in Particular 
—The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms 
—Evaporation in a Vacuum—The Multiple-effect Evaporator—Multiple-effect Evaporators 
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Contents of “ Evaporating, Condensing and Cooling 
Apparatus "—continued. 

from which Extra Steam is Taken—The Weight of Water which must be Evaporated from' 
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent, 
up to 20-70 per cent.—The Relative Proportion of the Heating Surfaces in the Elements 
of the Multiple Evaporator and their Actual Dimensions—The Pressure Exerted by Currents 
of Steam and Gas upon Floating Drops of Water—The Motion of Floating Drops of Water 
upon which Press Currents of Steam—The Splashing of Evaporating Liquids—The Diameter 
of Pipes for Steam, Alcohol, Vapour and Air—The Diameter of Water Pipes—The Loss 
of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing 
the Loss—Condensers—Heating Liquids by Means of Steam—The Cooling of Liquids— 
The Volumes to be Exhausted from Condensers by the Air-pumps—A Few Remarks on Air- 
pumps and the Vacua they Produce—The Volumetric Efficiency of Air-pumps—The Volumes 
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a 
Certain Lower Pressure—Index. 

Sanitary Plumbing, Electric 
Wiring, Metal Work, etc. 

EXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272 
pp. Demy 8vo. Second Edition Revised. Price 7s. 6d. net. (Post 
free, 7s. lOd. home ; 8s. abroad.) 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 8s. home; 8s. 6d. 
abroad.) 

Contents. 
Pipe Bending — Pipe Bending (continued) — Pipe Bending (continued) — Square Pipe 

Bendings—Half-circular Elbows—Curved Bends on Square Pipe—Bossed Bends—Curved 
Plinth Bends—Rain-water Shoes on Square Pipe—Curved and Angle Bends—Square Pipe 
Fixings—Joint-wiping—Substitutes for Wiped Joints—Preparing Wiped Joints—Joint Fixings 
—Plumbing Irons—Joint Fixings—Use of “Touch” in Soldering—Underhand Joints—Blown 
and Copper Bit Joints—Branch Joints—Branch Joints (continued)—Block Joints—Block 
Joints (continued)—Block Fixings—Astragal Joints—Pipe Fixings—Large Branch Joints— 
Large Underhand Joints—Solders—Autogenous Soldering or Lead Burning—Index. 

SANITARY PLUMBING AND DRAINAGE. By John 

W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price 
7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

ELECTRIC WIRING AND FITTING FOR PLUMBERS 
AND GASFITTERS. By Sydney F. Walker, R.N., M.I.E.E., 
M.I.Min.E., A.M.Inst.C.E., etc., etc. Crown 8vo. 150 pp. With Illus¬ 
trations and Tables.* Price 5s. net. (Post free, 5s. 3d. home; 5s. 6d. 
abroad.) 

Contents. 
Chapter I., Electrical Terms Used.—Pressure and Current—The Volt—Ampere— 

Electrical Resistance—Earth—Continuous and Alternating Currents—The Electric Circuit— 
Leakage—Heating of Conductors—Size and Forms of Conductors—The Kilowatt—Loss of 
Pressure—Arrangement of Conductors—Looping In—The Three Wire System—Switches— 
Fuses—Circuit—Breakers. II., The Insulation of Wires, Their Protection, Fixing, etc. 
—Conductors Insulated with Paper and Similar Materials—Sparking between Conductors 
—Dialite Insulation—Flexible Cords—Concentric Conductors—Twin Conductors'—Three-Core 
Cables—Fireproof Insulation for Conductors—Jointing—T Joints—Covering T Joints in Vul¬ 
canized Rubber Cables. III., Fixing the Wiring and Cables.—Laying Out the Route—The 
Protection of the Wires and Cables—Wood Casing—Metallic Conduits—Non-Metallic Con¬ 
ductors—Fixing the Conduits and Running Wires in Them—Drawing Wires into Tubes—To 
Avoid Shock. IV., Lamps.—The Incandescent Lamp—Lamp Holders—Lamp Fittings—The 
Nernst Lamp. V., Switches, Fuses, Distribution Boards, etc.—The Electricity Meter— 
Prepayment Meters. 

THE PRINCIPLES AND PRACTICE OF DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 
8vo. Price 2s. net. (Post free, 2s. 3d. home and abroad.) 

THE HISTORY OF INCANDESCENT LAMPS. By G. 
Basil Barham, A.M.I.E.E. Illustrated. [In preparation.. 
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A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 
William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 

Price 2s. net. (Post free, 2s. 3d. home and abroad.) 

THE PRINCIPLES OF. HOT WATER SUPPLY. By 
John W. Hart, R.P.C. With 129 Illustrations. 177 pp., demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home; 8s. abroad.) 

House Decorating and Painting. 
THREE HUNDRED SHADES AND HOW TO MIX 

THEM. For Architects, Painters and Decorators. By A. 
Desaint, Artistic Interior Decorator of Paris. The book contains 100 
folio Plates, measuring 12 in. by 7 in., each Plate containing specimens 
of three artistic shades. These shades are all numbered, and their 

* composition and particulars for mixing are fully given at the beginning 
of the book. Each Plate is interleaved with grease-proof paper, and 
the volume is very artistically bound in art and linen with the Shield 
of the Painters’ Guild impressed on the cover in gold and silver. Price 
21s. net. (Post free, 21s. 6d. home ; 22s. 6d. abroad.) 

HOUSE DECORATING AND PAINTING. By W. 
Norman Brown. Eighty-eight Illustrations.- 150 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 3s. 9d. home and abroad.) 

A HISTORY OF DECORATIVE ART. By W. Norman 

Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price Is. net. 
(Post free, Is. 3d. home and abroad.) 

WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. Second 
Edition. Price 2s. 6d. net. (Post free, 2s. 9d. home ; 2s. lOd. abroad.) 

Brewing and Botanical. 
HOPS IN THEIR BOTANICAL, AGRICULTURAL 

AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OF COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 340 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, 11s. home; 11s. 6d. abroad.) 

Contents. 
HISTORY OF THE HOP—THE HOP PLANT—Introductory—The Roots—The Stem— 

and Leaves—Inflorescence and Flower: Inflorescence and Flower of the Male Hop; In¬ 
florescence and Flower of the Female Hop—The Fruit and its Glandular Structure: The 
Fruit and Seed—Propagation and Selection of the Hop—Varieties of the Hop: (a) Red Hops; 

.(&) Green Hops; (c) Pale Green Hops—Classification according to the Period of Ripening: 
Early August Hops; Medium Early Hops; Late Hops—Injuries to Growth—Leaves Turning 
Yellow, Summer or Sunbrand, Cones Dropping Off, Honey Dew, Damage from Wind, Hail 
and Rain ; Vegetable Enemies of the Hop: Animal Enemies of the Hop—Beneficial Insects on 
Hops—CULTIVATION—The Requirements of the Hop in Respect of Climate, Soil and 
Situation: Climate; Soil ; Situation—Selection of Variety and Cuttings—Planting a Hop 
Garden: Drainage; Preparing the Ground; Marking-out for Planting; Planting; Cultivation 
and Cropping of the Hop Garden in the First Year—Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per¬ 
formance of the Operation of Cutting: Method of Cutting: Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; Proper Season for Cutting: Autumn Cutting, Spring 
Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principal 
Types of Frames Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant; Picking, 
Drying and Bagging—Principal and Subsidiary Utilisation of Hops and Hop Gardens—Life 
of a Hop Garden; Subsequent Cropping—Cost of Production, Yield and Selling Prices. 

Preservation and Storage—Physical and Chemical Structure of the Hop Cone—Judging 
the Value of Hops. 

Statistics of Production—The Hop Trade—Index. 
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Wood Products, Timber and 
Wood Waste. 

WOOD PRODUCTS: DISTILLATES AND EXTRACTS. 
By P. Dumesny, Chemical Engineer, Expert before the Lyons Com¬ 
mercial Tribunal, Member of the International Association of Leather 
Chemists; and J. Noyer. Translated from the French by Donald 

Grant. Royal 8vo. 320 pp. 103 Illustrations and Numerous Tables. 
Price 10s. 6d. net. (Post free, 11s. home; 11s. 6d. abroad.) 

Contents. 
Part I., Wood Distillation—Principal Products from the Carbonisation of Wood- 

Acetates—Secondary Products of the Distillation of Wood—Acetone—Analysis of 
Raw Materials and Finished Products—Appendix—The Destructive Distillation of Olive 
Oil Residuals. Part II., Manufacture and Testing- of Tan Wood Extracts and their 
Utilisation in Modern Tanneries—Plant and Equipment for Treating Chestnut Wood 
—Analysis of Tanning Substances—The Official Method of the International Association 
of Leather Chemists, with Supplementary Notes. 

TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpentier. Royal 8vo. 437 pp. 178 Illustrations. Price 
12s. 6d. net. (Post free, 13s. home ; 14s. abroad.) 

Contents. 
Physical and Chemical Properties of Timber—Composition of the Vegetable Bodies 

—Chief Elements—M. Fremy’s Researches—Elementary Organs of Plants and especially of 
Forests—Different Parts of Wood Anatomically and Chemically Considered—General Pro¬ 
perties of Wood—Description of the Different Kinds of Wood—Principal Essences with 
Caducous Leaves—Coniferous Resinous Trees—Division of the Useful Varieties of Timber 
in the Different Countries of the Globe—European Timber—African Timber—Asiatic 
Timber—American Timber—Timber of Oceania—Forests—General Notes as to Forests; their 
Influence—Opinions as to Sylviculture—Improvement of Forests—Unwooding and Rewooding 
—Preservation of Forests—Exploitation of Forests—Damage caused to Forests—Different 
Alterations—The Preservation of Timber—Generalities—Causes and Progress of De¬ 
terioration—History of Different Proposed Processes—Dessication—Superficial Carbonisation 
of Timber—Processes by Immersion—Generalities as to Antiseptics Employed—Injection 
Processes in Closed Vessels—The Boucherie System, Based upon the Displacement of the 
Sap—Processes for Making Timber Uninflammable—Applications of Timber—Generalities 
—Working Timber—Paving—Timber for Mines—Railway Traverses—Accessory Products— 
Gums—Works of M. Fremy—Resins—Barks—Tan—Application of Cork—The Application of 
Wood to Art and Dyeing—Different Applications of Wood—Hard Wood—Distillation of 
Wood—Pyroligneous Acid—Oil of Wood—Distillation of Resins—Index. 

THE UTILISATION OF WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 192 pp. Fifty Illustra¬ 
tions. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Building and Architecture. 
THE PREVENTION OF DAMPNESS IN BUILDINGS; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores¬ 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers, 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, F.I.C., 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo. 
115 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.) 

HANDBOOK OF TECHNICAL TERMS USED IN ARCHI¬ 
TECTURE AND BUILDING, AND THEIR ALLIED 
TRADES AND SUBJECTS. By Augustine C. Passmore. 

Demy 8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. 
abroad.) 
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The Preserving of Foods and 
Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND 
SWEETMEATS. By A. Hausner. With Twenty-eight 
Illustrations. Translated from the German of the third enlarged 
Edition. Crown 8vo. 225 pp. Price 7s. 6d. net. (Post free, 7s. 9d. 
home ; 7s. lOd. abroad.) 

Contents. 
The Manufacture of Conserves—Introduction—The Causes of the Putrefaction of Food' 

—The Chemical Composition of Foods—The Products of Decomposition—The Causes of Fer¬ 
mentation and Putrefaction—Preservative Bodies—The Various Methods of Preserving Food 
—The Preservation of Animal Food—Preserving Meat by Means of Ice—The Preservation 
of Meat by Charcoal—Preservation of Meat by Drying—The Preservation of Meat by the 
Exclusion of Air—The Appert Method—Preserving Flesh by Smoking—Quick Smoking—Pre¬ 
serving Meat with Salt—Quick Salting by Air Pressure—Quick Salting by Liquid Pressure— 
Gamgee’s Method of Preserving Meat—The Preservation of Eggs—Preservation of White 
and Yolk of Egg—Milk Preservation—Condensed Milk—The Preservation of Fat—Manu¬ 
facture of Soup Tablets—Meat Biscuits—Extract of Beef—The Preservation of Vegetable 
Foods in General—Compressing Vegetables—Preservation of Vegetables by Appert’s Method 
—The Preservation of Fruit—Preservation of Fruit by Storage—The Preservation of Fruit 
by Drying—Drying Fruit by Artificial Heat—Roasting Fruit—The Preservation of Fruit with 
Sugar—Boiled Preserved Fruit—The Preservation of Fruit in Spirit, Acetic Acid or Glycerine 
—Preservation of Fruit without Boiling—Jam Manufacture—The Manufacture of Fruit 
Jellies—The Making of Gelatine Jellies—The Manufacture of “Sulzen”—The Preservation of 
Fermented Beverages—The Manufacture of Candies—Introduction—The Manufacture of 
Candied Fruit—The Manufacture of Boiled Sugar and Caramel—The Candying of Fruit— 
Caramelised Fruit—The Manufacture of Sugar Sticks, or Barley Sugar—Bonbon Making— 
Fruit Drops—The Manufacture of Dragees—The Machinery and Appliances used in Candy 
Manufacture—Dyeing Candies and Bonbons—Essential Oils used in Candy Making—Fruit 
Essences—The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamped Lozenges— 
Recipes for Jams and Jellies—Recipes for Bonbon Making—Dragdes—Appendix—Index.' 

RECIPES FOR THE PRESERVING OF FRUIT, VEGE¬ 
TABLES AND MEAT. By E. Wagner. Translated 
from the German. Crown 8vo. 125 pp. With 14 Illustrations. Price 
5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.) 

Contents. 
Part I. Preserved Fruits.—Green Almonds—Gooseberries—Strawberries—Currants— 

Cherries—Black Nuts—White Nuts— Apricots—Greengages— Pears—Peaches—Plums—Figs— 
Melons—Apples—Chestnuts—Angelica—Pineapple. Canned Fruit.—Gooseberries—Cherries 
—Apricots—Plums—Rhubarb. Glazed and Candied Fruits.—Glazing Fruit Candied 
Fruit—Blue Plums—Glazed Chestnuts—Glazed Pineapple Slices—Crystallised Strawberries. 
Marmalades, Jams and Fruit Juices.—Strawberry Marmalade—Cherry Marmaiade— 
Jams—Fruit Jellies—Raspberry Juice—Cherry Juice Lemon Syrup—Pineapple Juice. Fruit 
Pulp for Ices. Citron Peel and Orange Peel. Part 11. Preserved Vegetables.— 
Asparagus—Peas—Beans—Carrots—Spinach—Artichokes—Tomatoes—Mixed Vegetables— 
Tinned Julienne—Celery—Mushrooms—Truffles—Pickled Gherkins—Gherkins in Mustard— 
Mixed Pickles. Part 111. Preserved Meats. Veal Cutlets—Fricondeau of Veal—Calves- 
Head—Bouillon Meat—Ox Tongue—Beef a la Mode—Roast Hare—Roast Venison—Mutton 
and Cabbage—Savoury Paste—Beef Paste—Foie Gras Paste. 

FOODS AND DRUGS. Volume I., Chemistry and Analysis 
of Foods and Drugs. Volume II., Law Relating to Foods and Drugs. 
By E. J. Parry, B.Sc. (Lond.). [In preparation. 

Dyeing Fancy Goods. 
THE ART OF DYEING AND STAINING MARBLE, 

ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OF IMITATING ALL SORTS OF 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlet, 

Technical Chemist. Crown 8vo. 168 pp. Price 5s net. (Post free, 
5s. 3d. home ; 5s. 4d. abroad.) 
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Celluloid. 
CELLULOID : Its Raw Material, Manufacture, Properties and 

Uses. A Handbook for Manufacturers of Celluloid and Celluloid 
Articles, and all Industries using Celluloid ; also for Dentists and 
Teeth Specialists. By Dr. Fr. Bockmann, Technical Chemist. Trans¬ 
lated from the Third Revised German Edition. Crown 8vo. 120 pp. 
With 49 Illustrations. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. 
abroad.) 

Contents. 
Chapters I., Raw Materials for the Manufacture of Celluloid : Cellulose and Pyroxylin 

—Gun-cotton—Properties of Gun-cotton—Special Gun-cottons for Celluloid Manufacture— 
Nitrating Centrifugalisers—Collodion Wool—Methods of Preparing Collodion Wool—Cam¬ 
phor— Japanese (Formosa) Camphor, Ordinary Camphor — Borneo Camphor (Borneol), 
Sumatra Camphor, Camphol, Baros Camphor)—Properties of Camphor—Artificial Camphor 
—Camphor Substitutes. 11„ The Manufacture of Celluloid; Manufacturing Camphor by 
the Aid of Heat and Pressure—Manufacture of Celluloid by Dissolving Gun-cotton in an 
Alcoholic Solution of Camphor—Preparing Celluloid by the Cold Process—Preparation with 
an Ethereal Solution of Camphor—Preparation with a Solution of Camphor and Wood 
Spirit. III., The Employment of Pyroxylin for Artificial Silk : Denitrating 
and Colouring Pyroxylin— Uninflammable Celluloid — Celluloid and Cork Composition— 
Incombustible Celluloid Substitute — Xylonite or Fibrolithoid. IV., Properties of 
Celluloid. V., Testing Celluloid. VI., Application and Treatment of Celluloid : 
Caoutchouc Industry — Making Celluloid Ornaments—Working by the Cold Process — 
Working by the Warm Process—Celluloid Combs—Celluloid as a Basis for Artificial 
Teeth — Stained Celluloid Sheets as a Substitute for Glass — Celluloid Printing Blocks 
and Stamps—Collapsible Seamless Vessels of Celluloid—Making Celluloid Balls—Celluloid 
Posters—Pressing Hollow Celluloid Articles—Casting Celluloid Articles—Method for Pro¬ 
ducing Designs on Plates or Sheets of Celluloid, Xylonite, etc.—Imitation Tortoiseshell— 
Metallic Incrustations—Imitation Florentine Mosaic—Celluloid Collars and Cuffs—Phono¬ 
graph Cylinder Composition—Making Umbrella and Stick Handles of Celluloid — Celluloid 
Dolls—Celluloid for Ships’ Bottoms—Celluloid Pens—Colouring Finished Celluloid Articles— 
Printing on Celluloid—Employment of Celluloid (and Pyroxylin)in Lacquer Varnishes—Index 

Lithography, Printing and 
Engraving. 

PRACTICAL LITHOGRAPHY. By Alfred Seymour. 
Demy 8vo. With Frontispiece and 33 Illus. 120 pp. Price 5s. 
net. (Post free, 5s. 4d. home; 5s. 6d. abroad.) 

Contents. 
Stones—Transfer Inks—Transfer Papers—Transfer Printing—Litho Press—Press Work— 

Machine Printing—Colour Printing—Substitutes for Lithographic Stones—Tin Plate Printing 
and Decoration—Photo-Lithography. 

PRINTERS’ AND STATIONERS’ READY RECKONER 
AND COMPENDIUM. Compiled by Victor Graham. 
Crown 8vo. 112 pp. 1904. Price 3s. 6d. net. (Post free, 3s. 9d. home; 
3s. lOd. abroad.) 

Contents. 
Price of Paper per Sheet, Quire, Ream and Lb.—Cost of 100 to 1000 Sheets at various 

Sizes and Prices per Ream—Cost of Cards—Quantity Table—Sizes and Weights of Paper, 
Cards, etc.—Notes on Account Books—Discount Tables—Sizes of spaces — Leads to a lb.— 
Dictionary—Measure for Bookwork—Correcting Proofs, etc. 

ENGRAVING FOR ILLUSTRATION. HISTORICAL 
AND PRACTICAL NOTES. By J. Kirkbride. 72 pp. 
Two Plates and 6 Illustrations. Crown 8vo. Price 2s. 6d. net. (Post 
free, 2s. 9d. home; 2s. lOd. abroad.) 

TINPLATE PRINTING. By Alfred Seymour. Crown 8vo. 
[In preparation. 

Bookbinding. 
PRACTICAL BOOKBINDING. By Paul Adam. Translated 

-from the German. Crown 8vo. 180pp. 127 Illustrations. Price 5s. 
net. (Post free, 5s. 4d. home; 5s. 6d. abroad.) 
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Sugar Refining. 
THE TECHNOLOGY OF SUGAR: Practical Treatise on* 

the Modern Methods of Manufacture of Sugar from the Sugar Cane and 
Sugar Beet. By John Geddes McIntosh. Second Revised and 
Enlarged Edition. Demy 8vo. Fully Illustrated. 436 pp. Seventy-six. 
Tables. 1906. Price 10s. 6d. net. (Post free, 11s. home; 11s. 6d. 
abroad.) 

Contents. 
Chemistry of Sucrose, Lactose, Maltose, Glucose, Invert Sugar, etc.—Purchase and 

Analysis of Beets—Treatment of Beets—Diffusion—Filtration—Concentration—Evaporation- 
Sugar Cane : Cultivation—Milling—Diffusion—Sugar Refining—Analysis of Raw Sugars— 
Chemistry of Molasses, etc. 

(See “ Evaporating, Condensing, etc., Apparatus ,” p. 26.) 
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YEAR BOOK, 1910. Being the 3rd Edition of Green¬ 
wood’s British Library Year Book. Edited by Alex. J. Philip. 

[In the press. 

CLASSIFIED GUIDE TO TECHNICAL AND COM¬ 
MERCIAL BOOKS. Compiled by Edgar Greenwood. 
Demy 8vo. 224 pp. 1904. Being a Subject-list of the Principal 
British and American Books in print; giving Title, Author, Size, Date, 
Publisher and Price. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. 
abroad.) ___ 

HANDBOOK TO THE TECHNICAL AND ART 
SCHOOLS AND COLLEGES OF THE UNITED 
KINGDOM. Containing particulars of nearly 1,000 Techni¬ 
cal, Commercial and Art Schools throughout the United Kingdom. 
With full particulars of the courses of instruction, names of principals, 
secretaries, etc. Demy 8vo. 150 pp. Price 3s. 6d. net. (Post freer 
3s. lOd. home ; 4s. abroad.) 

THE PLUMBING, HEATING AND LIGHTING 
ANNUAL FOR 1910. The Trade Reference Book for 
Plumbers, Sanitary, Heating and Lighting Engineers, Builders’ Mer¬ 
chants, Contractors and Architects. Quarto. Bound in cloth and gilt 
lettered. (Published in November, 1909.) Price 3s. net. (Post free, 
3s. 4d. home ; 3s. 8d. abroad.) 
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